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Goals of the Defense Rnvironmenta2. Program
Peter 3. DalI
Presented atlg

American Defense Preparedness Association
* 13th Environmsntal Systems Symposium

March 20(! 1964

Good morning ladies and gentlemen. I an here, this morning to
tell you about the Defense environmental program and What Our
goals are. in preparing to talk to you, I asked myself why all
you environmental scientists and engineers came here today. The
first reason was undoubtedly to rid* the Metro nov that it's
almost reached Bethesda. I cam here five years ago for the same
reason, and I am still waiting. Maybe by organiving, our dream
will be fulfilled. I hope you cam here to find out what Is
going on in the DoD environmental program so you could heter
respond to our needs. it is a laudable purpose, and we fully
support it. It's certainly one reason I am here. Another reason
ws are both here is to learn something. We usually call that
tech transfer. Reaven knows we all need it. We have plenty of
unsolved problem. We don't e*ea know how to define when a
problems's been cleared up, and we do lots of reinventing the
wheel. We at* now embarked on an 'innovative' project to do
turn-key contractng of waste treatment plants. I use,
OinnovativeO here in the very loose sens of the word.

Goals

Let me now respond to the f irst reason you came to hear about
our goals. in doing so, I will tell you how we expect to get
there, how far we have gotten, and what's oming. It Is the goal
of the remainder of the conference to cover the tech transfer.

So what Is going on? A lot iIn case you havesn't noticed, via
have all been very busy trying to solve problem. We have
defined our goals in two simple phrases because I am a firm
believer that more than two goals is "no Ioas.' a.we Must
maintain our focus. our two goals are (1) environmental
regulatory compliance and (2) waste stream reduction. *by

compliance we mean complyin with all state* local and federal
laws and regulations. we ais* mean aahievemant of the nationalgoal to enpeitiously clean up basardes matte sit".. Is outhasardoa met* cleanup gn Cast we #at a firm feedlime oncompleting our =rora by l3. T bi saeem like a long way auto

* for themselves * to 1:2#, we eetooliewe a geal to aumlete
assesemmet- of all 60efames atalldtion eleam*p roblem by 1"S.
We are am nearly 100 of the %W tO aebieviag t V WA
because we havo contract$ Is plase to do the no fthe wei If
are virtually assured of reaching It.



Wh should web oInterested In compliance? The direct answer

friends at the PTA think they work in a place that's moosing up
their town. another reason it's in our beot Interest to comply
with the law is because caopliance in one way to help avoid
future liability from environmental problm. We all know the
potential liability from environmental transgressions Is enormous.A
aven a *sul incident can lead to multi-million dollar cleanup
and tort problems. This conclusion led many private caoVMpanie to
adoption of *elf-audit program. We are also beginning to do
audit$ on a large scale. a third reason that compliance Is
important is that it is essential to maintaining the credibility
of the organizations. This is true ia the public and private
sector alike. I am convinced that an agency's environmental
protection reputation significantly affects Its ability to

4 attract funds from legislators. My last reason why we should.
comply is more esoteric. Environmental protection is inseparable
from the basic mission of the Defense Deapa rtment. Protecting the
nation includes protecting the quality of the places where we
live and work.

Why &aste StreaM Reduction?

why are we focusing on *&aste stream, reduction? This Is almost
entirely a goal of self-interest &Md good fiscal mantagllllllemet.

asecauses problems with compliance, reporting, disposal4 storae", public relations, law suits and unknown future
liabilities, 'The latter is by far the biggest risk and# as vs
know f rom the asbestos example, can run to the billions of
dollars. These costs greatly outweigh the relatively mall cost
savings from Inattention to waste stream, managllmensit, the first
stop of which is waste stream reduction.

amw T0 Achi-eve6 our Go1lsg?

now do we achieve our goals? Achieving our goals depeld an a
ilomitment by everyone involved. A"d by everyone I Iinclude
defense persoonel * our contractors, a" owr regulators. throug
this lollmitasat we @an work thtor to Ideatlf Issovativeg
low-ot Poblem soluimea it total osstest geatly
redueth numbe of disputes *i ob arise ad ubta are oftes

onlysao~ or otemestiag a cans. 01spates iaveliiig
min o se of esiebility ass i £udigeretuato_
sooa-copliaao. W ee to do Oelt is 4a area. I" key is
astihmsh a smitmest at the local lel to sale roblm.iiiiiiiiiiiil

Daas"twe "ea solve a hMob fptotege at OWrpob
through loa ofLotts.

Dat eles Weemelf .eWtreterst * a regulatiors alo have
Somtal spool"l to 011f4Wa we woth tonali OWrgn Vo er
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Defense personnel the first stop is to clearly identify the
problems we face. Secondly, we must assure that we are doing the
best we can to cooperate with regulators. Doing otherwise always
causes problems. Regulators will help if we are forthright. eo
have good examples of this, particularly in ZPA Regions 111, IV,
and VI. Thirdly, Defense personnel must insist on excellence in
the way people do work for us. Given the high costs of
non-compliance, particularly in the hazardous waste area,
anything less is unacceptable.

I have one particular plea to Defense personnel, and that is to
provide so your Ldeas on how to improve our program. Send in
those cards and letters. We really want them.

In the Office of the Secretary of Defense, one of the things we
have done to help achieve our goals was to establish the Defense
Environmental Leadrship Project. Under this project we have
gathered 6 environmental engineers to address the long-term
problems of managing the Defense environmental program. We are
working on hazardous waste policy development, risk assessment,
industrial processes evaluation for waste stream reduction, and
other long-range tasks.

Bow can contractors contribute to achievement of our 0oase?

Bow can contractors contribute to achiovemnt of our goals?
First, tell it like it is. Tell us what you believe, not what
you think we want to hear. *elp us by putting things in
perspective. In my opinion, lack of perspective was a major
shortfall in our early Installation Restoration program reports.
For xe-lo, to say radioactive material is buried at a site, and
not put in even the most gross bounds on bow mush waste is
involved, is of little value In understanding the importance of
the problem and can cause extremely adverse public response.Thirdly, contractors must do their best to offer innovative

ideas. When you think you have good ideas and no one will
listen, come to me. I will.

What can reulatrs do t help achieve our eals?

What can regulators do to help achieve our goalse? Before looking
at this, let as suggest that both Dofeas persoamel amd
regulators mut remember that if we are oat of oomplianoe, we
both suf fee. The public peroeives m -oopi as a fault of

S o it L in oar sallatiwe Interest to
missas a onstructive relatioafip that will epdlite
coolaaoe.

n some points for regulators, Pirst lore You not to keep
seeret. If yo tb* we anr dolese bad Jwetoll f.T
atos we find eat w yes te* bft t p Tr e the
elerLag t or the, atbuld

Mote t"% tmew Lstiltie 0h~ ,M
lsestiVe tvo oeply wih te 14v. ,IUtq prI etleme MIn oe
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hairs. If a acemander wants to be promoted, be won't let a
pollution problem persist. Commanders know that good community
relations are essential to esprit do corps on his installation.
Bad publicity in environmental oompliance is guaranteed to damage
this important aspect of base operations.

What is the best tool a regulator has for stimulating compliance
at Defense installations? I believe it is a simple letter
to the comander identifying concern. Such letters can clearly
indicate the importance of the issue to you, but need not create
adversarial situation. It helps not to let things fester.
Notify the installation commander promptly of your concerns. If
you don't get a suitable response in a reasonable time, us*
problem resolution procedures involving a higher level of
management in both the regulatory and regulated communities. Be
sure to keep the oammunication channels Open. Try to met with
Defense personnel when you don't have an Issue to discuss. The
rapport established under these conditions will expedite problem

4resolution later. Lastly, lot me ask you not to skewer us on our
own swords. If you discover a problem through auditing that
we've done, you can be assured that we will work to achieve a
solution. If in identifying a problem to you, we find ourselves j
the victim of adverse publicity or strong regulatory measures,
our managers are unlikely to continue looking for environmental
problems and your job will be tougher.

Gildina the Lily.

For all of as here, one of the biggest problems is to avoid
*gilding the lily.' It is very tempting to go for the super
solution Wben resolving an environmental problem. This is
destructive to the program because it reduces the resources
available for cleanming up other sites, is an attack on the
credibility of our work, and It may lead directly to a 0golden
fleece award."

i asource

Let me now briefly review the resources we have to address
environmental prblams. In the Defense Department we are
expending searly a billion dollars annually on the program, and
wO havo 4,000 reole engaged full time in the work. Out policy
is to feud compliance projects Immdiately. We fund cleanup
proecots soon as we knew what. needs to be done. noive, we
ace tO sam probls as everyone eolseo in determining bow elen
is clean an idetifying the best way to attack claasp problem.

As many ad Y" knew by now* in have a ae acouent to feud
hasardee waste eeams prable in the Deem e eprtmnt.
in &9630 gc to .. tableha tis fund, we Semmed $3 mleso
is bae = we"*. GUMM. eder the fund is 1&4 VS wll

4100 a sutte*. a we anticipate ftoo"" " a Ueve of
epuws4intel ,Wmillien a Year usatil MO. A we befla to

4
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approach the cleanup goal of 1993 program requirements should
substantially decrease.

Now Are ft DoiM?

Let me give you a little report card ou how I think we are doing
in the Defense Department in achieving our goals of compliance
and waste stream reduction. In the area of air and water, I give
us a fair. The bad news is we still have a lot of minor sources
out of compliance, particularly in the water area. The good news
is that our compliance for major sources is high and that we have
projects underway that will eliminate all known non-compliance
conditions for major sources. In the RCMA area, our performance
is unclear. fe are now conducting a survey which will give us a
such better picture of how we are doing. We know that we don't
have a large number of 3CRA violations reported by regulators.
However, we also know that this may be simply be because no one
has looked carefully. In the TSCA area we have not done well but
we are rapidly correcting the situation. About 150 of our
installations failed to meet the January 1, 1984 deadline for
eliminating ICR storage longer than one year. We now have a firm
plan that will achieve compliance with this requirement by
December 1, 1984.

In the hazardous waste cleanup area I give us the highest marks.
Our cleanup program started in 1975, substantially before anyone
else's. In 1980, even before the passage of the Superfund
cleanup law, we greatly accelerated our program. Between 1980
and 1984 the program continued to increase steadily. The
decision of the Congress to provide funding in 1984 at a much
higher level than we had provided previously planned assured
continuing increase In our effort. At the end of 1983 we had
completed 2S7 of 429 installation assessments. We had 111 of 155
site studies completed or underway and we had over 28 cleanup
actions in progress. We have completed our hazardous waste
program actions at 122 installations.

The Future

What does the future bold for our program? I see two things
aoln that will impact bow we do business. First, 3PA's

decis on to Include federal sites on the National Priority List
will undoubtedly affet our priorities. Ultimately we expet 200
installations to be scored for possible inclusion on the List and
we expeot 30 to 40 to ultimately' be listed. Bosed, our
initiative to do environmental audits will also affect our
program. All three services are odutiaeg work in this area.
Although we do ot have any DoD policy on environmental audits,we are thoromghly ezuzisieg the benefits of etablishing one.

C 5r
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We have done a lot to achieve our goals of environmental
regulatory compliance and waste stream reduction. We've
completed hundreds of projects and have numerous agreements with
state and federal agencies in place. We have done over 300
record searches and have over 100 comprehensive contamination
studies complete or underway. Our cleanup budget has increased
over 7000 In the last 3 years and we have had a 3001 increase in
the environmental staff In O8D. We added many joint 3PA
projects, and we greatly increased the amount of information we
have made available to the public on our program. Defense
personnel, our contractors and the regulatory comunity must work
together to achieve our goals of complete regulatory compliance
reduction -*, the amount of waste we generate.

Thank you and good morning.
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11Hazardous Wastes:
~ Perspective on the Problem

ejflj Joel S. Hirschhorn
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BALEY GUARD
CHIEF CLERK

SFNATF COMMITTEE ON FNVIRONMENT AND PUBLIC WORKS

I am porticulary glad to join your group this morning because in our work with
environmental issues we see representatives of Industry, state governments, and citizen
groups; we see able professionals from the Environmental Protection Agency - but
other than the Coast Guard, scarcely a uniform. Much less ore we familiar with the
environmental activities of the Department of Defense.

So this is welcome opportunity for me, If for no other reason than to illustrate
the gulf between our institutions, and to call attention to the need for improved com-
municotion. I thank you also for this chance to meet with you, because it required me
to think about this neglected area.

I hope it will neither surprise nor offend you when I say I believe the general
impression among Members and staff on the Hill is that the environmental performance
of Federal facilities, and of the agencies responsible for them, has been somewhat
abysmal. I cannot document that impression, and I confess that there has been neg-
lect on both sides. I do not propose to dwell on past failures, but they may be a
measure of the nature of the challenge we face, and of the recent progress that has
been made.

Following the excitement and the legislative activity which made the Senate Co-
mmittee on Fnvironment the focus of attention and accomplishment--with the Clean
Air Act of 1970 and the Clean Water Act of 1972--and entire decode slipped by during
which, it seems to me, Federal facilities environmental compliance demonstrated little
more than sluggish bureaucracies reflecting the not-invented-here syndrome. Far from
setting the example, rather than proudly showing what could be done with enlightened
leadership, the general impression was of lethargy motivated by apathy. Partly, through
ignorance, perhaps even from negligence, surely with a touch of arrogance-but mostly
from a natural preoccupation with each agency's primary minsion - environmental
compliance became lost in the competition of each year's priorities.

If that characterization is overly harsh, I hasten to add that the intitutional
impediments were neither recognized nor dealt with. FPA priorities went to the States
and communities and industries which cried out for attention. N great kndelmndent
Federal agency can be expected to wax enthusiastic about some diversion which con-
sumes both its budget and personnel. And the authorizing and qa~uprlatiom corn-
mittees already hod a plateful, dealing with each great program Of governmnt.

After a long dry ipellt, It appears that, with your help, this situation Is now being

turned around.

hear instad of the change In attitude, and new leadership since the arrival of
Peter Doley. Ruckelshaus' policy, through Al AIm and our friend Josephine Cooper,
once more looks to setting the Federal exanple. And not only for th . pie of a
job well dont, but also for the very practical consequence of a aIn I polution-
which becomes as positive a contribution to the whole effort whethe itbe a utility
stack, a municipal treatment plant, a private car, or on Army &Amp. Just as proc-
tical, Is waoding the black mark which folks find It s osy to tht up, if I may mix
a mentoor, against Lkcle Sam.a-.
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) The 1%8 and following executive orders appear finally to be beowing fruit-iii the
EPA yellow book and the policies It incorporates. Both, I recognize, will be sterile
anW unproductive unless accompanied not only be cooperation, but also be genuine
initiative, good will, and hard work by every contributing agency.

* Most of all, the great alibi for inaction over the years has been no appropriations-
-when we understand very well that agencies know how to get money for those things
vital to them. So again, it is a pleasure to have Jo Cooper remind me of the $50
million line item to get to work on DOD dumps.

I really did not mean to preach a sermon, or to sing you a hymn of praise. My
subject is supposed to be changing environmental attitudes. So I will comment, in a
general way if I may, on those I see close at hand ong the Members and staff of
the Senate Committee aon Environment and Public Works.

First, as to media, as it is called, we began seriously in 1970 with air, and two
years later on clea water. Then in 1976 we tackled an even more intractable sub-
ject, solid waste, at the some time we were trying either to fine tune or to further
complicate the air and water programs. Now, following superfund and Love Canal and
Times Beach, attention is more and more on toxics, hazardous emissions, carcinogens,
mutogens- in short, poisons.

While it is not a field that particularly entrances me, I think that trend is likely
to continue. It is obviously a subject with an almost endless capacity to attract pub-
lic interest, and one which grips the attention of a generation fascinated by diets, and
enthralled by nature. And, I submit, it is past the time that we should move from
NOX and smog, and from SO2 and acid rain, to the hazardous air pollutant and the
hidden myst..ries of the water we drink.

A brood new area of interest is groundwater-to which one of devoted new Mem-
bers, Senator Durenberger of Minnesota has already given a great deal of attention.
Here is a subject that promises to cross even more jurisdictional lines, and require
cooperation between even more disciplines and institution. On our own Committee,
Senators Abk'nor and Moynihan have the rivers and harbors that feed the groundwater.
Senators Durenberger and Baucus are repmposible for the safe drinking water drawn
from the groundwater. And Senators Chofee and Mitchell have the dumps and sites
that polluts the groundwater.

An example of how rapidly attention Is being focused i the now issue of leakage
from underground tanks. Our suxmmittee hearing of November 29 surfaced the
issue, followed by additional hearings, staff work, introduction of a bill, and now every
prospect that the Durenberger underground tank anendment will be added to the ex-
tension of RCRA when it Is taken up in the Senate next month.

The time far huge new grants programs Is gone. N w Initiatives involving trust
funds, or fixing liability maybe. That leaves regulatory and enforcement measures, and
all of us are shy t ovr-regulation So It maI be that the very best we can da Is
just to carry aut, and work to complete, and oe %Vn, and make mre efficient
and more eitamle the na awd l projets already pst an the tarc.
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A real swing in attitude seemed most likely three years ago, about the time the
Republicans gained control of the Senate for the first time since I have been watching
it. The Clean Air Act was at the top of the list of regulatory reforms. The Cham-
ber of Commerce spread the word that the Clean Air Act, Clean Water Act and all
were about to expire which would provide the opportunity for revisions and for changes
which, in retrospect, could have cut as wide and as deep as those industry secured in
tax changes. But that time has clearly passed.

Let me describe briefly the work of the Committee.

After two years work following nearly 30 days of hearings and as many markups,
our Committee in 1982 reported clean air extension and modifications by a vote of IS
to I. One week ago today, after two days In markup, with an enlarged committee--
in fact four new members-the Committee reported 138 pages of clean air amendments
by a vote of 16 to 2. This time the acid rain title requires a 10 million ton amend-
ment reduction in SO2, rather than 8 million tons. Attitudes appear to be solidifying
rather than changing.

Clean air and clean water no longer rivet the nation's attention as they did when
the Senate Public Works Committee was redesignated the Committee on Environment
and Public Works. The most pressing national priorities remain the deficit, with its
threat of inflation, and of program pruning; the Middle East; nuclear war. But it
seems to me that the environment, like civil rights which proceded It, has moved from
discovery and protest to orthodoxy and dogma.

A remarkable consistency has Invested the work of the Senate Committee, reflecting,
I must believe, a notional concensus, and what has become a more or less settled
public view. Before leaving the office, I looked back at the membership of the Co-

J mmittee at the time of enacting the Clean Air and Clean Water Acts, ana found of
pretsent Members only Howard Baker and Robert Stafford on our side, and Jennings
Randolph and Lloyd Bentsen on the other. Stafford, now Chairman; B"er, now Leader
but leaving; Bentsen on deck. By 1976, when the Committee was so deeply involved in
RCRA as well as air and water, Quentin Burdick and Gory Hart had become members.
Alumni such as Bob Dole, Jim McClure and Pete Domenicl have quite an enhanced
policy role in the Senate of today. As I mentked, Senators Evans and Lautenberg
are quite new to the Committee, as were Dave Durenberger and Gordon Humphrey last
year.

Yet, with these changes in membership, with the changes In national mood, with
rather profound changes In technology and the cultural life of our country, and across
several changes In administrations, the direction of policy for envirwonm tal protection
and the general approach of Coress- so far as one can characterize such an amor-
phous institution-- remains consistent.

I do not know whether this Is helpful to you. But I hope it may provide some
guidance that Is seful-just as It may be the mast useful thing for Industry and mun-
icipolitles to have at least some avuwance that they can p% ond wod and invest,
with the expectation that that investment of time and effort will produce a worth-
while result, will not be cast aside In favor of somne new whim, but will aompl ish
some lasting result for good.

12
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1.0 INTRODUCTION

-'Ono of the first major environmental repulatory reform efforts under the
Reagan Administration Is the Emissin Taing Program. The program provides
that States my develop, for Federal approval, a system that allows facilities
to trade permits to discharge air pollutants, Participation on the part of
the States, Federal Facilities, and activities is purely voluntary.

The Emissions Trading Program allow relaxation of discharge limitations on
one location within an activity while requirij rater degree of abatement
at other locations within the facility or with in the region. Shifting the
regulatory focus from point source control to the activity level has important
administrative and efficiency Implications. The activity that produces

* pollution my consist of a We of one or more unit processes and unit oper-
ations. Examples are an industrial plant, a shipyard, a jet engine testing
facility, an office building, a boiler plant, a fuel storae area, or a motor
vehicle. Each generates by-products according to some time pattern; It is at
the activity level rather than at the individual point source that reductions
in discharges can he most efficiently brought about.

*This paper addresses the potential use of EMissions Trading at DoC Installa-
tions. Section 2.0 provides a discussion of the Clean Air Act. Section 3.0
suomarizes the Emissions Trading concept. Section 4.0 provides three case
studies of Emissions Trading, viz., Lemoore Naval Air Station, Norfolk Naval
Shipyard, and the Tni-Services Emissions Trading Project. We conclude in
Section 5.0 that efforts to incorporate Emissions Trading in the DoD Instal-
lation planning process will be important as the future development of this
air quality management system takes plwace'
2.0 CLEAN AIR ACTA

The U.S. Clean Air Act (CAA), as anded, contains four major provisions for
managing air quality as it is affected by stationary sources. These comprise
the following:

9 The U.S. Environmental Protection Agency (EPA) established National
Ambient Alr Quality Standards (NAGCS) for so-called Ocriteria pol-
lutants,O viz., primary standards to protect human health and seond-
ary standards to protect welfare (see Table 1)

a EPA was required to establish emission standards for sources of
pollution that were constructed after the Issuance of regulations
(called Now Source Performane Standards (UPS))

a States were required to prepare implemetation plans (State Imple-
mentation Plans or SIPs) showing how they would acieve and maintain
the NAMS

o DPA was reWred to "s40lish National Memo Ramdrds, for Mazrd-

The 10ecpel elamam=s air gility mnemen t tn Mhe CAM intlodes direct
regulation "woou mnill" Plume on the uprtMm of activities thot

14



SA M~ Amt( e0*

WA M"AMb Amad WuWmuk "I) MW' PS PP" M- WA M

shn~foo~m. 3 gw.ap 41o) mo - "pm

Sbgce -onf anEmlr op liy.m'0SpWlO~il, M

vasinto . C. U .S . ft @nmoit PitQu) ie P'' eve



discharge poltns emt ooperate often Include the specification of

terlals to production.

The second elemont includes a ioigadofM j program to ensure
that the wource comly with OWiNTt10"iiipeiTfsdin the permt; various
types of economic Incentives, such as tax credits, low Interest rate loans,
rapid depreciation for Investment in Oair pollution control" facilities, and
penalties for inoncompliance. Conceptually, the regulatory structure of the
CAA Is driven by the objective, of achieving the OW.

The CMA is based upon a -commnd and control reglatory approach. It pre-
scribes discharge requiromefts on a point source basis. The administrative,
monitoring and surveillance costs of this approach are relatively high. For
exmle, a petroleum refinery my contain a combination of point sources
including 8,000 valves, 24.000 flanges, 450 pms, SO process drains and three
flares, each with Its own abatement requirements. The prescription of control
requirements to this level disregards the skill and enterprise Incentives of a
facility manager and other decision-makers In fashioning approaches that met
air quality requirements in the most cost-effective mowne.

Other shortcomings have been obser ve in Implenenting the CA. Fi rst, the aI r
quality management information base Is both limited and often Inconsistent.
Second, the monitoring and Inspection of facilities has been Insufficient.
Third, agencies hae tended to provide weager guidance In selecting the most

apprate pollution control equipment. Fourth, the present regulter
framawork does not serve to facilitate the developmen and use ofInnovative
control technologies. Lastly, the use of legal sanction to bring violators
Into compliance Mes net been effective.

current regulatory apoach to air pollution control has been criticized.
Critics hae claimed that not only do costs exceed benefits, but capital has
been diverted from more productive Invesmnts, productivity has been reduced,
and innovation has been stifled.

3.0 IIOIM Rhain

The [IPA ftissions Trading program represents a practical approach to solving
the air quality problemin toes of economic benfit.' mission Trading
sets en absolutet limitation on the quantity of seIfic pollutants pesemt
ina the atoshre fer a region. The munt of polution allaweble irindividual
facilities In the "egon is fixed by powuts~-pete 0 e 'hs1dshalimitations are sea, the EmIssion Trading progrm allows existing facilities
to trade a"on themselves--beed on which diechar can achieve 11M most

03.8. Eavromonta Protection Agecy bSSIONS Tradfing P0eliC Statmma0t
OeN re Iprfndlpals fbi? Creation 1a41i6 aOd Vie of bion Reduction
Credit.' refi..bala. Val. 48. lb. in. August U., M. w pn..
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cost-effective reduction In their discharges. This Wens that sm facilities

MqY Contral more than others While the region as a ubol0 mees Its ambient air

A trading system lIn discharge permits represents the natural evolution of such
Innovative adinistrative procedures as the bubble, offsets, and banking--
developed by EPA in response to Increased understanding of air quality manage-
sent end the limitations of current regulatory approaches.

The 1*glc allows variation, instead of requiring uniformity in pollu-
tion contros ang points of discharge within a single industrial process
provided that over&l regional air quality goals are maintained.

The offset 1211cy allow the owner of a noew plant to operate provided that It
obtais aqvivaiit reductions in the discharges of pollutants from owner(s) of
existing plants.

saftig, the most recent EPA program, allow suppliers of discharge reductions
to receve *credit* for these reductions, The Ocreditso my be used (or sold)
later and can allow the user to exceed otherwise prohibited applicable stant-
dards. The Emissions Trading Program consolidates the bubble and offset
procedures in a siwe# transactional Instyument called an Emission Reduction
Credit (ENC). The creation of the EEC is limited to reductions by existing
dischargers below minimum requirements. Traders are required to demonstrate
equivalent i~ent effects from transactions in ENCs.

The U.S. EPA has estimated that the savings from approved and proposed bubbles
can be ever 5W mfIllion (see Table I for a listing of bubble applications by
industrial category). The EPA has further estimated that the total sawings
from all bubbles approved, proposed, or under development to date can be over
57W million. for example, by changing. fuels, the Narragansett Electric
Company of Rhode Island achieved an annual savings of $3 million while re-
ducing discharges of sulfur dioxide by 39 percent below requirements. A
chapg In control has been reported to save Arsco Steel in Nliddletowm, Ohio,
510-14 million in capital costs for equipment to control particulates and 52.5
million In annual operating costs. Table 3 provides a listing of cost savings
of several approved bubbles.

4.0 CAE Mau9
In seeking to Wxplore the application of Smisins Trading to NeO Installe-
tfena. thmi ease stodfs ane Offered. Two deal with attSots to utilize
Ealsellena Iradi., at e instellations; the first slahe Itte-ts to centrol
"ItoasM d 4 iis0Iens frm Me test tells at Laemm US In California, andthe Safend deals With the ufe of Seiam TMadig fto Centl pefticoltts
fI'M baller eperetiem at the herfolk level Shigri VirgiOnia. noe third
case ON*i does Ma address a specific. NO instellatiefte but a Tri-bivce
effort directed toward devloping smissions trading guidance.0

§Wme aSe esesues could concelibly hove been addreased, e*got eons cefnte
as $1410118 Aft in COMWfMsA. Ob belmse hueve! , that tOe case ~adis
ae1111ed batk illustrae Va810010 leSen to be Is~e fr'M appleing 6bi ss

raigto Stlseltm
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TABLE 3. REPRESENTATIVE CONTROL COST SAVINBS FAM
APPROVED IUBLE TRANSACTIONS

Industrial
Firm Category Type of ERC Cost Savings

* 3M Tape and Process change $3 million capital,
Bristol, PA packaging VOC 51.2 million annual

operating costs

Kentucky Utilities Electric Change in control 51.3 million annualN4uhlefterg, KY utility S 2 operatitng costs

General Notors Foundry Change In control 512 million capital
Defiance County, Ol TSP

National Steel Integrated Change In control $30 million capital
Corp.. Weirton, MV steel TSP

U.S. Steel Integrated Change in control $27 million capital
Fairless Hills. PA steel TSP

J.H. Thompson Greenhouse Fuel switch $100,000/yr operating
Kennett Square, PA S02

Scott Paper Co. Paper 111l Fuel switch 5220.000/yr operating
Chester, PA S02

Source: U.S. Environmental Protection Agency. *Status Report on Emissions
Trading Activity,* Mamorandum, November 8, 1983.
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4.1 Lemoore Neval Air Station

The Lemoore Naval Air Station (HAS) is located in central California near
Hanford, California. The local air quality agency Is the Kings County Air
Pollution Control District. Iplomntation of the emissions trading concept
focused on missions from Test Cell 03 for the performance verification of the
F04 aircraft engine at the HAS.

The central issues associated with this case emrged in the course of an
initial review by the District, viz., possible exceedence of the District's
200 pounds per day New Source Review offset threshold for Nitrogen Oxides.

On April 2. 1982, the District issued a Conditional Permit requiring the HAS
to identify offsets. Approval conditions included offsets at a ratio of
1.2:1 If Lemoore tested one or more F404 aircraft engine per day. Upon
receipt of additional data, the District would determine whether missions are
less than the threshold offset.

In March 1983, Lamoore provided test run data to the District. The estimated
NOX missions were 209.8 pounds per day; this exceeded the offset threshold.
This estimate as calculated by the Naval Air Propulsion Center In Trenton,
New Jersey (see Tables 4 and 5). The letter also specified a number of areas
which must be addressed, i.e., missions factors for tracking NOX missions,
and the determfnation of acceptable offset sources should conditions arise
which necessitated them (contingency offset requirements).

In an April 5, 1983, letter to Lemoore from the District, the District accepted

an missions estimate of 130.3 pounds per day of NOX per F404 engine. The
District, however, rejected Lmoore's request for an extension citing Rule
205 (which gives a two-year extension but allows not further extensions).The Authorfty to Construct wes conditioned upon the following requirements:

*In February 1979, the Ninth Circuit Court of California held that the Federal
Clean Air Act could regulate the noise, visible eissions (smoke) and Nitrogn
Dioxide omissions from Naval Jet facilities. Of the Jet facilities at SS
installation, there were 295 unabated facilities, 75 Jet cells, six sound
suppressors, and four hush houses. In designing compliance, a numer of
option wre Included, viz., specific design of the egine, level of engine
maintenance, _integrity of performance, high temeratures or eAxast, and
high velocities o em ust. A nvner of additional consideration, however,
affect scific complite decisions, e.g., unabated facilities/sound sup-
pressors create pollution Intensities at ground level, Jet cells are deter-
- orated thereby re qeff g tentive mfntonce, and mw/major mdife
Jet facilities re re n wt-chmical sctruers unless offset sources
cOn improVe 1oCa1 air qualiy Of n tain regtiNs. At that tim, it
was recognized tha a tional research mi devieloMnt was needed. A pilot

::t Ito V oar qre1mte for Nil offset quirements was reconmmndSat AimdsMW or Loolre NS.
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TABLE 4. BASIC EMISSIONS ESTIMAED BASED ON NAVAL AIR PROPULSION CENTER
FUEL FLOW AND EMISSION FACTORS

Time In Fuel Use Fuel Use Emission Factor NOX
Power Node Lbs/Hr During Time Lbs/100 lbs Emissions
Nofe (Nin) (6a1/Hr) In Node Fuel (Lbs)

GI 25 623.9 (91.) 36.12 1.16 0.30
Fl 20 814.6 (119:47) 39.82 3.00(1) 0.81
IP is 666.9 (1259.06) 524.62 25.16 90.02
A/B 10 26396.5 (4163.71) 693.95 9.22 43 64

1AESCO estimated this factor from a plot of fuel use versus reported emissions
factors by NPC.

TMLE S. ADDITIONAL INCRENENT AD TO TABLE S EMISSIONS TO ACCOUNT FOR
1600 GA /ENINE RUN

Time In Fuel Use Fuel Use Emission Factor NOX
Por Node Lbs/Hr During Tim Lbs/lO00 lbs Emissions
Node (4n) (Gal/Hr) In Node Fuel (Lbs)

GE 20.55 623.9 ( 9.46) 31.33 1.16 O.2S
Fl 20.55 614.6 (11 .47) 40.92 3.00 0.64
ISP, 20.15 6506.9 (5.6 4313 25.164

c 1799.99 gee 209.6

Sources U.S. Novy. Latter with Attaichets to King Cfount Air Pollution
Control District. Se Birune Clifornia: Nlvel Facilities ElinMeing
Corend, ostern Division, 1 otc 110, p. t.
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• Source testing for determining compliance

* Tasting of one or more F404 engines my require offsets at a ratio of
1.2:1 per pounds of NOX witted

The District requested that Lemoore provide a list of potential offsets
following the initial operation of the test cell.

In a June 24, 1983, letter from the District, it was recognized that the
critical issue was pounds of NOX emitted per day and not necessarily the
number of engines tested. The District, therefore, accepted Lemoore's recog-
nized position that actual emissions could be calculated with reasonable
accuracy based upon the cumulative time spent in each power mode using smis-
sions factors. Also accepted was that Lemoore would limit emissions of NOX
from the test cells to 200 pounds per day. The District rejected, however,
Lmoore's contention that purely manual recording of time spent in each
testing mode would be an acceptable way to monitor missions.

Subsequently, Lemoore indicated that the monitoring of NOX from test cells
could be accomplished by a manually administered system rather than a con-
tinuous system with charting capability. Lemoore also indicated that a pre-
dictive rather than an actual recording system was needed to monitor the
emissions. Specific guidance from the District was requested concerning the
adequacy of addressing the offset requirements.

As can be seen from the above, extensive consultation was carried out between
the Navy and civilian air pollution control officials. As of this writing, a
resolution has not been reached. Lemoore has submitted emission factor data.
offered an alternative monitoring approach, and requested guidance as to
whether conditions permitted approaches other than those which would require
the use of offsets.

4.2 Norfolk Naval Shipyard

The Norfolk Naval Shipyard is located in Portsmouth, Virginia, within the
Hampton Roads Intrastate Air Quality Control Region. The principal activities
pursued at the Shipyard include overall construction, repair, alterations,
drydocking and outfitting of ships and other water crafts. Pollutants are
generated by painting, sand and grit blasting, plating, degreasing, metal
forging, and boiler operations.

Activities at the Norfolk Naval Shipyard are aggregated into several land
areas that are separated by various natural and m hde features. The areas
include housing tracts (New Goseprt ad Stanlq Court arias), areas where
ships are laidup for exteMded periods of time (South and St. Helena's Annex),
extended shipyard services (St. Julian's Creek Annex), and the min Naval
Shipyard.

The pricipal Issue associated with this cgse study involved missions rm
boilers. There are % boilers locted threu0hout the Shipyard* The types of
fuel burned Include natural less distillate and esid"l oil, ald refuse. The
boilers provide sten for process equipment, eq@ mnt testing, genereting
electricity en space ating.
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Eight of these boilers are the subject of this case study. They exceeded the
Commonwealth of Virginia's particulate missions limits. In particular, the
Main Stem and Power Plant, Building 174, exceeded air standards by approxi-
mately 60 percent, and the Salvage Fuel Fired Boiler Plant, Building 1460,
exceeded missions limits by up to 90 percent.

The Main Stem and Power Plant consists of six boilers and was constructed
between 1939 and 1944. Particulate missions were controlled by large dia-
meter cyclones. The Salvage Fired Fuel Boiler Plant consists of two water
wall boilers completed In 1977 and burned refuse, as received, on reciprocating
grates. Particulate missions were controlled by a single field electrostatic
precipitator.

During 1979. studies were performed in order to devise corrective actions. It
was found that because the efficiency of the Main Stem Plant's boilers had
deteriorated to an estimated 70 percent; unburned carbon mede up approxi-
mately 60 percent of the particulates being emitted from the stack. Due to
the age of the plant and preliminary stack mission results, final compliance
with Virginia Air Pollution standards could not be guaranteed. The Salvage
Fuel Bol er's electrostatic precipitator was found to be deficient In removal
efficiencies due to several factors, e.g., power levels, size of the unit,
spark rate control and transformr/rectifier controls, In order to achieve
mission levels specified in its permit, it was recommended that a new elec-
trostatic precipitator be installed upstream of the existing one.

The cost of these corrective Items was estimated to be approximately $6
million for the Main Stem Plant and $2.6 million for the Salvage Fuel Fired
Boiler Plant (see Table 6). For the Main Stem Plant, approximately $2.6
million was for the repair and improvement of boiler efficiency. Because the
Virginia Air Pollution Control Board wished that this facility be brought Into
compliance as rapidly as possible, it was determined that $3.7 million be
Included for an electrostatic precipitator.

While these factors were being considered, several events took place which
created a favorable situation for the application of a Obubble." First, plans
associated with a regional Trash Burning Plant had been finalized; Shipyard
officials became skeptical about spending $8.9 million for bringing facilities
Into compliance when these facilities would be replaced within a few years.
Second, the Virginia Air Pollution Control Board determined that salvage fuel
fired boilers were not Incinerators; the standard that would have to be met,
therefore, was the Virginia regulation for existing boilers, Finally, the
Virginia Air Pollution Control board promulgated their Bubble Policy in
January 190 and suggested an allocation of allowed particulates missions.

With this in mind, four bubbles were formed around the Shipyard. One was over
the ain Shipyard for the stationary-permanent boilers; another was formed for
the stationary-portable boilers; a third bubble was frmd for the South Annex
boilers; and finally a bubble was developed for the rwote housing site
boilers. This approach allowed the Main Stem Plant to come into compliance
while not being required to Intall an electrostatic precipittor; the savings
due to this bubble was estimated to be approhimately $3.7 million. The
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TABLE 6. ESTIMATED COSTS FOR CORRECTIVE ITEMS FOR THE MAIN STEAM
PLANT AND SALVAGE FUEL FIRED BOILER PLANT

It" Cost(1)

Main Stem and Power Plant

Repair Combustion Controls 154,000
Replace Dust Collectors 441,000
Repair Breeching 673,000
Rehabilitate Boiler No. 10 421,000
Replace Ox~ygen Meters 15,000
Rehabilitate Boiler No. 11 722,000
Repair $moke Stock 206,000
Additional Pollution Control Device 3,700,000

Salvage Fuel Fired Boiler Plant

Repairs to Electrostatic Precipitator 110,000
Construct New Mlti-Cyclioes, 300,000
Install Opacity Moters 15.000

Additional Electrostatic Precipitators22000

1Estimated costs expressed In 1962 dollars.

Source: Thapson, Charles. lication of the Bubble CLoonl uri

Sources at a wval Insrial em s" Texas: Fon

Technology, October 1982, pp. unniumbered.
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Salvage Fuel Fired Boiler compliance involved upgrading the existing electro-
static precipitator and Installing a precleaning miulti-cyclone; this repre-
seated a savings estimated at $2.2 million. The total savings estimated to be
realized from the application of the bubble concept was approximately $S.9
million In capital costs and approximately $55,000 in annual oprating costs.

Subsequently, performance testing of the Nain Stem and Power Plant and the
Salvage Fuel Fired Doler indicated new problems; it was concluded that the
bubble would not be required for the ain Stem Plant in order to achieve
compliance. Furthermore, performance of the new mlti-cyclones and upgraded
precipitators at the Salvage Fuel Fired oitler was for less satisfactory than
anticipated. As a consequence, a now bubble will have to he developed.

Even though difficulties were encountered in terms of equipment performance, a
potential cost savings was demonstrated through the use of the bubble concept
rather than the usual "cmmend and control" air quality approach. This was
not done, however, without the generation of appropriate missions data, the
carrying out of performance testing, and balancing of numerous decisions
associated with capital equipment acquisition and rehabilitation. Finally,
the development of an appropriate regulatory machanism greatly facilitated the
application of the bubble concept at this Installation.

4.3 Tri-Service Emissions Trading ProJect

This case study Is quite different from the above two in that It does not
involve a specific facility to which missions trading was applied or is being
tried. Instead, It Involves all three Services of the U.S. Department of
Defense in seeking to develop missions trading guidance and the formation of
an organizational users group.

The effort was first funded in 1979 by the U.S. Navy, Novel Facilities Engi-
neering Command (NAVFAC). Work was centered at the Naval Surface Weapons
Center in Dehlgren, Virginia. Subsequently, the U.S. Army and U.S. Air Force
Joined with NAVFAC In supporting the development of this tni-Service omissions
trading project.

Impetus associated with the initiation of this effort Involved several fac-
tors. First, mm military facilities cannot be readily relocated to other
sites which might afford mare favorable circumstances for the control of
pollutants. The location of mapy military facilities is dictated by national
defense considerations. With this In mind, there was the need to Incorporate
all potential factors In the planning of military installations for outreach
years; this Involved planning for envirosmental permits and the choice of
-eipment. Finally, it was concluded tha missions trading offered a poten-

tial source of cost savings cipared to the prevailing comand-control air
pollution approach.

Presently, o is assfisting in the development of an Missions trading sold-
aoa nmaal. 7We omanl will provide instruction and guidance to this altersa.
tive air pollution control approach, and Is Intended for me principally by
facility enginrs.

as
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At the present tim, the proposed missions trading manual will address the
following mjor factors:

* Reasons for utilizing missions trading

* Processes allowed for missions trading including preconstruction
review and permitting, and creating Emission Reductions Credits for
future use, and planning

o Actual and Ilpothtical eamples of SoC emissions trades (10-12
examles covering netting, offsetting, bubbles, and banking)

e Procedures for calculating mission Increases, mission reductions,
and Emission Reduction Credits (ERCs)

o Technical issues and information concerning key agency contacts,
preconstruction review, modeling, fugitive dust, visibility, and
banking procedures

o Sumarization of state and local regulations

o Documentation and use of missions trades

Hypothetical examples will be formulated in terms of actual potential use,
via., they will be developed with real issues in mind while not being ap
plicable to any specific facility. These examples will address the nature of
an operation at a facility and the pollutants generated, the calculation of
missions and options for control, existing uncontrolled sources of this
pollutant(s) at the facility, the identification of strategies and the Col-
culation of costs for each strategy, and factors associated with the selection* :4 of one control strategy over another.

The manual will emhasibe achieving compliance at the minima cost, and the4 comparison of central options In term. of cost and benefits. Appendices will
cover the history of missions trading, applicable policy statements, Infor-
mation sources, and other reference mterials.

The mission trading manual Is scheduled for comletion in the suinar of
;R 1q0. Following the completion of the manual but prior to distribution, a

field evaluation will be performed at various DoS installations. Thereafter,
a revised missions trading manal will be Issued as guidance to the three
Services. When the mission trading manual Is completed, It Is planned that
a Tri-Service Users Group will be formed to coordinate and facilitate trades
mon facilities associated with the respective 0e0 services.

This effort represents an Important stop In developing emissions trading
application thrughout DoD. o the one hand, It represents an effort to
raise awareness ab~ alternative approaches to air quality mamnemeft that
hold the promiee of r'eal ceat savings. O the other hand, It atso provides
guidance on the ay to carry out an mission traoe.
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beyond these lunadlate program development aid Implementation steps,, the Tnf-
Services Eamissions Trading Program represents an Impouetant effort to areas

* wher the CAA has bae only mnarginully successful. Specifically, this In-
volves the Incorporation of pollution controls Into the decision-making
process and the encouragement of technological innoation. In the civilian
sector, business decision-makers have frequetly boeo reluctant to try now
technologies for controlling pollutants, particularly since it my be rela-
tively unknown If these technologies would flepede the manufacturing or pro-
duction process.

0*0 Services perform planning for outreach years, viz., up to seven years In
the future. As such, it can be determined well in advance Woen enviregmental
permts will be required. Emissions trading readily fits Into this advanced
planning process by Identifying tangible cost savings mMn equipmet choice.
With this advanced knowledge, of control equipment need, Innovative techool-
ogies can be developed in order to meet air pollution control roquirments.
It can he seen, therefore, missions trading not only fits Ito wall with P.9
planning and the meoting of CAA requireents, but also night lead to the
development of Innovative control technologies. In this regard, the Tni-
Services Emissions Trading Project nay provide valuable lesson to civilian
Federal agencies and the, private sector.

5.0 CONCLUSIOPI

Based upon our analysis of the above Installation-specific case studies, we
conclude, that limited application has been achieved by 000 Installations In
using Emissions Trading as an alternative to the Ocamnd-controlO approach.
While, the Norfolk Shipyard case study demonstrated that hypothetical cost
savings were possible, these have yet to be relized because of the occurrec
of equipment performance failures . In the case of Lamore, NAS, no definite
conclusion can be offered with regard to the, oratfon of the Emissions Trade
by virtue of the fact that the decision-making proces has yet to run its full
course,

With regard to both Lemoore RAS and the, Norfolk Naval Shipyard, It is quite,
clear that prolonged and extensive negotiations ware, encountered In seeking to
complete an Emissions Trade. This required the gathering and analysis of

- data, the exploration of feasible trade candidates, and the process of now
t iat ion.

Both Lamoore, and Norolk demonstrate, however, that Emissions Troll eIs
facilitated, In the first Instance, by the existence of a rule or policy that
alliw greter flexibility in meting permit requirements than has bae the
case under the Ocomnd-controlO approach. beond this Initial impetus, w
have seen that participants In the decision-making process must be kowledge-
able In the possibilities for pollutant control offered by ftission Trading
ad must, int addition, have all the necessary missions a&d control data
available to order to realize these possibilities.

These factors Confirm the Importance of the current Tni-Service Emission
Trading project, Thro the review of the guidance monval that is prew nly

2?
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being develope * prsonnel At 000 Installations can become more familiar with
the technica& issues associated with successfully comleting an Emissiens
Trade. The guidance manual will also raise the swarenes of prsnnl con-
cerning feasible alternatives to the current Ocommand-controlO air poll1ution
approach such that real cost savings can be realized. In completing this
guidance manual, hwever, It is necessary that substantial attention be paid
to the differences among the Services both with regard to their activities and

* the nature of their respective organizations; if this Is not done, then the
manual will only be of general interest.

The Tri-Services Emissions Trading project also offers a unique opportunity in
an important area where achievement has eluded civilian agencies up to this
time, viz., fostering the use of innovative technologies for the control of
air pollutants. By Incorporating Emissions Trading Into the planning process
for outreach years, pollution control issues can he Identified well in advance
Of the tiling of a permit; this can allow for the consideration of new control

4 techniques that are potentially more, effective and efficient. If this poten-
tial Is fulfilled, then the use of Emission Trading within the planning
process will be a benefit to DoD and provide a constructive exmle, to civil-
Ian agencies and the private sector,,

On the whole, we conclude that efforts to incorporate Emissions Trading into
the DoD planning process will be Important as the future development of this
system takes place. As the Lamoore and Norfolk case studies Illustrate,
however, actual successes at the Installation level thus for hav been limited
for verious reasons. 11ith this in mind, we suggest that Emission Trading be
approached cautiously, viz., on a case-by-case basis, until the Tni-Services,
Emissions Trading Project has been fully developed and tested.
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COWA1TA8L QOAL8 DEM~SE AND ZhV~kMVAL PR~OTECTION >

Eward R. Clark

Department of the Amy

US Army Chemical and Military Police Centers

and Fort McClellan

Environmental Manaqement Office

Fort McClellan, Alabama 36205

(205) 238-3019/3758

It is an honor for Fort McClellan to present this paper to
this prestlqious qroup dedicated to peace and security. We hope
to shy how our environmental proqram at Fort Mclellan Is not
only compatible with that qoal, but an adlunct to that qoal. He
believe that Fort McClellan Is symbolic of the Army's environmen-
tal prograa.

Located adjacent to the city of Anniston. Alabama and In the
foothills of the Appalachians, Fort McClellan Is 80 miles West of
Atlanta. Georqia and 60 miles East of Birmingham. Alabame.

the terrain of Fort McClellan qenerally is mountainous ranq-
Inq from 305 to 632 meters above sea level. The valley in uhich
the cantonment lies is in an area spotted with rollinq bills
t Frou r thch lmall cr ks thehmn thro ar. Tshe cr ouk
are ed by sprins floon from unerlyn t lanstoin strata.i,,Scattered throtighot the are" are natural wetlands that pro •

spwning groun nds n hbitand for fish and wildlife s lell, flood con~trol.

ncThe limate, rea and chmracer of ort NCleallmn ae it
one of* tae mat picturesqe traonng iltas ol tee anited pteteel
and h led to its ein called te Corsll n EShtO*lac eao theSouth.*"

Fort Is the ha e of t mjor Amy mateele. wi

This Includes entry level and Avaned training for sol L 1Anucleo, b1olowlel ad¢aeougl dfeises, Intt A" tove& 0"l
@Mwosoinal trainin of 11111tay Police and e*e perseol
of the Nav, Aft Force, MrSn. Corps ad NO. Uw
al~left ot Fort Mc:lellan to -the tralau" ofth
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Reserv#* National Guard and Reserve Officer.s Training Corps
unIts.j

F4rt MeClllait consists of three main bodies of Government-
o~med teased. land. The main Installation Is 7,570 hectares.
Pelham AMnqe. which Is used for both live fire weapons and
mjaneuver training. Is S ,898 hectares.* and the leased Choccolocco,
Corridor. ,which provides additional training areas, Is 1,795 hoc-
tares. a trustee of 18,400 hectares In the Appalachian
foothills.~ort McClellan goals are to properlymaag resources
that are renewable and conserve those that are not. OjIi

Further, we also'~str ive to reduce the onvironmens- unuulV
that is so common when man manipulates the natural environment In
pursuit of commonly held needs and values. These broad goals
have been developed during the maturation stage of our environ-
mental program and have been finely honed Into five specific
Ibblectives&

l. To provide environmental education to the widest of
audiences with the subject matter tailored to the audience;)

'-2. Prevent material from entering the maste stream. Any-
thing en~tering the wst. stream will be recycled If possible.

3.Actively seek a zero-discharge Installation and maintain
surface water to the sawe good biological quality as the water
entering the installation.-

C'-oConserve fossil fuel energy to the highest degree posal-
ble to reduce the degrading effect of the natural environment.
Further, this recognition is vital to a mobile Army wtose readi-
noe is Intensely fossil fuel dependent.

A.Preserve the istorical character and the cultural
rsources on Fort McClellan Land*

20 eummarise the basic tonmants of our program, environmentaL
education Is the cornerstone that provides a pot to all our
eadwironmestal activities. Zhrowqh this educational process, we
must Impart an Increased awareness of the relatioanshipi of our
envirosmet to our mmn welfare. Throw*h an Intensely managqed adu-
cation prooraem the Nvirommentai Offilee has a direct effect on
every W group and all disciplines.

An UngA" part of this prorm is an outdoor classrom at
the Post lmetryShool. oughwo us* of this classroomF
teache have gaunt an Increased Ability ami confide to teach
eow remetal systems.- Fort McClella has set asie a s0 Iu
heetose. OgwlrumsW Stud Area fom teus one Ieal=

ed" a versity stud""t. ar8VO ea, to the resULt ofan £Atereseftes suppet ageeen Jihm a"d Safe

sNAT: ae ierip
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At Fort McClelln, the Environmental Managemnt Office is
the central coordinator for Iatlonal Environmental Policy Act
Impiementation and compliance. The Environmental Mtanagement
Office aids the project proponet in development of necessary
environmntal documentation. For the past five years, the
installation has been accumulatinq data so that adequate assess-
ments and statements can be prepared In a timely manner.

It in our contention that NEPA did not Intend for agencies
to develop reams of paper In analysis of the environment. me
believe thes Intention of NEPA Is to quickly get to the point of
conflict between the proposed project and the affected environ-
isent. Th erefore, we extensively use the 28 categorical exclu-
sions developed by the Department of the Army. Th US Army
Trainlnq and Doctrine Command Form 161-R provides a quick, con-
cs method to Insure consideration of the affected environment
without Ienqthy Iperwork.

There are times the categorical exclusions do not fit the °
project. Using a multi-disciplined approach, Fort McClellan
coordinated the Environmental Assessment entitled, "Proposal To
Construct A Chemical Decontamination Training Facility". we
invited the U.S. Army Chemical School to discuss the concept wth
the Battelle Memorial Institute, the Alabama Department of
Environmental Management Chiefs of" Air, Waster and Hazardous Hast*
ndthe Jacksonville :State University Archaeologist. Th-ourh

thits aeottnq, we defined the Issues Involved, and Battallo began
~to develop a design concept. With the concept developed and the

epotentil environmental Impacts Identified, we published our
E-nvironmental Assessment In the Federal Register, because of
potential national concern.

TeFort McClellan Public Affairs Oftfice arranged TV€, radio
and newspaper interview to fully discuss the project locally.
At the end of 30 " Vs. we hld a meetinq at Fort McClellan that
included the Post Staff, the Mobil* District Corps of Engineers,

~Battelle, EPA Rlegion IV Offices of Waster, Air, Federal Facility
Coordinator, the Alabm Department of Environmental Masnagement.

SOffices of Air, Hazardous Haste and Haster. The Calhoun County,
! Health Department, and the City of Aniston. Thor* was a candidd

oxctvme of views r vryone areed It was a proper but "ring way
to discuss a project.

- Through tbls process a dialogue m establisbed withth
c ommunity, the prpoet an the regla~tory agencies. Tho result
of this effort Is a project that has qo through 90% design with
no public obetirm or unfavorable Interagency comment. INVA
has ner bamred out" milita~ry miLssion nor slowed any of our

MA memo goo p]Jnnmft, aft tits Is Wbw Ofllct r*ooI-

tion must beql. frf amleo It is obvLouely an expensive bwr-
don to cwuc $Ite-opoc~fIc archmeol"rIca mre for eve
parojFet. Out solutio % to develop a mdl that could pred1:m32
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the likelihood ot siqnlflcant archaeological data. Ni contracted
with the University of. Alabam to survey 30 random grid squares.
From this survey we can predict what may be found on the
remainder of our 18,000 hectares. For those sites with a high
probability of containing significant archaeological data, a
specific site survey will be conducted by the Professor of
Archaeology from Jacksonville State University.

The problem with WEPA Is thiss the acquisition, management
and analysis of environmental data at Army Facilities Is diffi-
cult, qiven the time constraints placed on the analyst and the
resources available. To Improve the data base and efficiently
manaqe and analyze environmental data within these constraints,
Fort McClellan, in conjunction with the US Amy Construction
Lnginoerlnq Research Lab, has purchased a microcomputer system.

TIls system has many environmental management tools already
incorporated in a pilot mode. -The 16 bit microprocessor will
support multi-termlnal use, le., Environmental Coordinator, has-
ter Planner, Forester and Land Manager. 'he data has boen loaded
by the US Army Construction Enqlneerlnq Research Lab. Some of
the data already dlqltlzed Is Geoloqy, Archaeology, Soils and
wetlands. Through the efficient use of technology, the
declsion-maker will have more exact data upon which to make cru-
cial decisions, affecting our environment without being con-
strained by labor-intensive methods.

ilth 18,400 hectares and 17,000 Individuals responding to
the environment, we have had our problems and will continue to
have problems. The handling of waste motor oil presents dispro-
portionate problems to both operators and the environment. Nhen
spills occur, the cumulative effect often belles Its significance
In the eyes of the operator. Additionally, this represents an
unusual *conokc burden for the requirement to clean-up the small
spill. Nltbout due recognition and appropriate response, the
small spill can become the nemesis of any large organization.

. In 1902, Fort McClellan aarded, a contract to Install under- .

ground waste oil storag tanks at all oll-using facilities. the
underground tanks will minimize potential spills. Me storae
tank system has a catch basin that can be m-nevered n the
crankcase of any type vehicle. tWen the "i is chud, it gee s
into a catch basin connected to Wewo -- oil stera e tans.
thm precludin the Probability 0f t s all spIl. uarterly
testing of Widerwe tams will revea Ieasae. yearly, a eam-
tract wll be let t sell " the emlated oil.

ta effort to ienltify an protect mtlas, gonlr
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series of studies will be used by Fort McClellan for an ongoing
effort to protect the wetlands.

The installation sanitary landfill has had a turbulent his-
tory. In l979, the Alabama Department of Public Health
threatened to close the facility. This had the potential of dis-
rupting the military mission of the installation. Fort McClellan
contracted with the Alabama Ceoloiqc Survey to assess potential
alternative sites.

Based on the flndinqs, Fort McClellan requested Army pollu-
tion abatement funds to relocate the landfill to an environmen-
tally acceptable site. Coordination was accomplished with the
Solid Waste Division of Alabama Department of Public Health and
preliminary approval was granted for the new site. Contractors
drilled test wells and the site was found to have shallow bedrock
and water. Etforts to upgrade the existing site were producing
good results, but investigations for a now site continued.

In 1980, The State of Alabama was sufficiently impressed
with the corrections at the existing site to issue an operating
permit. That same year, Alabama Geological Survey located an
acceptable, but small site for future landfill use. Due to the
acceptability of corrective actions, current plans are to con-
tinue use of the existinq landfill and hold the now site identi-

9 fled by Alabama Geoloqical Survey for future use. In retrospect,
the computer discussed earlier could expedite the search for an

* alternative site.

Fort McClellan is currently worki n with the Corps of
Engineers on the acceptability of a solid waste incinerator. If
the Incinerator proves to be effective, the prolect will greatly
reduce the amount of refuse entering the new smaller site, while
providing an enerqy source for the Installation.

The generation and handlinq of hazardous waste is another
problem. If hazardous wastes cannot be disposed of on the
installation, then an environmentally designed hazardous waste
storage facility is the cornerstone of management. Nith such a
facilIty, hazardous wastes are manageable.

Fort McClellan has constructed one hasardous waste storage
facility for ICBs and a second building Is programmed for fT 84.
However, current thought within the defeme ommity calls for
the Defense Logistics Agency to build a hazardous waste stora e

In June 193 tort McClellan sponsored an on-i*e oll and
haardous material handling storage am spill class for Users,
operaors aMd mAger. The eduoatIOn of thes groups should
redoe tO ll potentlal throuowut the installation.

One t the &&ret potetial ceetrIbter o tafti chemloals
into the awls amm as ttadtionally been gr et CoatroL 34



Operations. Implementation or an intearated pest manaqeiment pro-
gram not only signiricantly reduces thc amount of chemicatls used
to control pests., but also dramatically Incruases the efficiency
and ettectivene:;s or a pest management proqvam. In 1981, a pro-
fessional Entomoloqist %a3 assigned to the Pest Control Section,
Directorate ot Engineering and Housing. He was the tirst protei-
sional Entomoloqlst employed at Fort McClellan. The existing
pest management program was then expan(led to include formal
ins'pections ol dining tacilitie.. service clubs and other food
establisbh-.ents to ascertain pret populations. Pesticides. are a
short term treat ncnt Lor the symptums, not a long term cure for
the disease.

Primary emrhanis has been placed on increased sanitation and
elimination or harborag.-z throtui-. structural modification. All
wooden storage ahelvez have been removed from dIninq facilities
and repJtced with moveable stainless 3t.el shelves. When pesti-
cides ate used. appropriate aosaqes and ndvanced application pro-
cedures reduce etvxronmental in~ult.

Tho increased emphasis on education, better sanitation,
elimination of harboraacs and increased trainlnq for Pest Con-
trollers have led to n more effective, less labor and spray-
intensive pect manaqemcnt program. Personnel who handle or
dispense pesticides or herbicide are trained and re-certified
bi-annually.

A pesticide wast water facility was procured in 1982 as a
kesearch and Developmc.nt projtct through the US Army Bio-Hedical
kesearch and Development Laboratory at Fort Dietrich, Maryland.
The concept is to recycle pesticide waste water through carbon
columns and use that water as a diluent. The system Is expected
to reduce the pesticld residues entering the stor& sewer system.

In the U.S. alone, soil is beinq eroded at the rate of
202.94 tons per second. In cooperation with the US Soil Conser-
vation Service and using the universal soil loss equation, Fort
McClellan documented the average loss of 280 tons ot soil per
year on unveqetated slopes. Steep slopes, easily erodable soils,
intense rainfall and other natural man-made conditions have cOn-
bined to cause soil erosion problems at Fort McClellan. This
represents loss of traininq lands and less paramount concern to
both environmentallsts and military planners.

In 1982, the knvironmental Manaqement Ottice contracted to
have 37 critically eroding acres hydroseeded. Although
hydroseodinq is not a new technology, It had never been used at
Fort Mc4lellan. fte cost o $1,00o per acre also Included ezten-
sive reshapinq.

After the hyroseedlWh, aqaIn using the universal soil lose
eqution, an average of V9.61% reduction of erosion had been
realisd. Tbese startling figures prompted an Investigation et
the ot-eftectivenese of purcbasing a hiydroseede. ow _oet 33
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comparisons show that an In-house ability to hydroseed will
reduce the cost by 50%. The amortization of the hydroseeder Is
2.76 months.

Based on these f iqures. Fort McClellan submitted a request
for fundlnq for a hydroseeder to the ITADOC Quick Return On
Investment Proqras Coordinator. He received funding In July 1983
and received the hydroseeder in Auqust 1983. He have forwarded
our QRIP documentation to several other Installations and hope
they will be as successful at combatinq erosion as we feel we
have.

There are many environmental problems of a serious nature
that we, as people are faced with. The Department of Defense is
trustee of larqe and ecoloqically diverse public lands. He must
do our part in solvinq the environmental problems related to that
trusteeship. The point of beqinning for the problem solving pro-
cess Is at the Installation level. He well realize the earth In
a planet of finite resources and because of these and many other
equally Important factors, it Is the responsibility of not only
the installation, but the Individual as well that we attempt to
solve these problems.

it

| ,-



INVIROIUEITAL AND ENZRGY AUDITS

Of AIR FORCE GOVZRNMNT OWIIED-CONT1RACTOK
OOPERATED INSTALLATIONS

Brian J. Burgher

Joshua D. Margolis
Doris E. Sanders
JRB Associates

a Company of Science Applications, Inc.
8400 Westpork Drive

McLean, Virginia 22102
703-821-4600

ABSTRACT

-Environmental and energy audits conducted for the Air Force Systems
Command, Aeronautical Systems Division (ASD) by JiB Associates of McLean,
Virginia resulted in substantial environmental benefits and identified
opportunities for energy and material conservation and recovery. This effort
has allowed ASD to target resources, substantiate funding requests, develop
remedial strategies and track progress of environmental and energy
management activities. This paper presents a review of the study completed
for ASD in October, 1983

INTRODUCTION

The concept of conducting environmental audits to -assess regulatory
compliance at industrial facilities has recently been receiving attention by
both government and industry. Audits gave became popular in direct response
to the array of environmental regulations with which facilities must comply
and the potential for fines resulting from non-compliance As a preventive
management tool, environmental audits help to eliminate "surprises" which
are costly, can damage public image, and hinder facility operations.

The Air Force Command (AFSC), Aeronautical Systems Division (ASD),
*" recognizing the benefits of environmental audits, embarked on an audit

program for its fifteen (15) Government Owned-Contractor Operated (GOCO)
industrial facilties. The principal driving forces behind ASD's decision
included:

o Environmental regulations applicable to G00's

t o DOD directives which require assessment of compliance

o Public relation impacts on facility operations

* o Cost and liabilities associated with environmental damages

The ASO audit program went a step further than conventional environ-
mental *audits directed at regulatory compliance. They included an inveati-
gatLon of opportunities for conserving, reusang or recycling material and
nearly resources in industrial plant operations. This additiosal component

was directed at complying with internal OW directives and reducing
expenditures for energy and new raw materials.
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o machining and milling

o Meail surface finishing

o Painting and stripping

o Degreasing and cleaning

o Engine feling and testing

o Engine overhaul

o General facility maintenance

These manufacturing activities involve operations which are subject to
environmental regulation and/or were potential sources of hazard to human
health or the enviroment. Comon enviromnental managemnt activities at
the fifteen GOCO's, and regulations which cover such activities consist
primarily of:

o Hazardous waste management (RCRA, CRCIA, State regulations)

- generation
- transportation
- storage in tanks, containers, piles, and surface impoundments
- land disposal
- incineration

o Air emissions (CAA, state regulations)

o Water discharges (CVA, state regulations, SCC)

o PCA use and disposal (TSCA)

o Underground fuel storage (SCC, state, and local regulations)

APPROACHx I

In preparation for the reviews of the Air Force industrial plants, a
methodology was developed which was successfully used for each of the
fifteen industrial reviews. This methodology employed six basic steps,
graphically displayed in Figure 1-2, and summrised below.

Step One - Initial Review of federal, Stato and Local Low and WsAulations

To identify regulatory programs applicable to each plant and to

determine compliance requir.m.ets, the initial review began with an
examination of Federal, state, and local Ian and regulationas Air Force/De-
pertent of Defense directives; and Rxecutive Orders. The result of this
omaiation of regulations and directives we* the identification of basic
information neded fran each facility during the preliminary data acquisi-
ties step to determine its complience with regulations or directives. It
a" established the basis for cooperation with state and local governments

by identifying all requirements at thoe levels.

'OM
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Step Two: Preliminary Data Acquisition

Acquiring basic information in advance familiarised the audit team with
the plant's operations, thus enabling proper preparation for the site visit.
This proved to be the most cost-effective way to plan the site visit, as it

helped identify which areas of the facility and/or its operations required
visual inspection, and where date Saps existed. As a result of the
acquisition, orSonisatica, and analysis of this 1,ormation, the audit team
prepared a plant profile and site visit plan which b,-:-tured the site visit
and ensured an efficient, cost-effective on-site review.

Step Three: Develop Facility Profile and Site Visit Plea

A facility profile and plan for the site visit were developed based on
the information Sathered during the preliminary data acquisition step. The
facility profile included summaries of plant operations, regulations which
applied to these activities, potential problem areas, particular data Saps
of areas requiring detailed investigation, listing of iste personnel to be
interviewed, and maps, figures and descriptions of the facility. The site
visit plan served as a guide for the site visit. Together, they allowed the
team to structure and conduct the site visit in an efficient and expedient
manner, with minimum disruption of facility activities.

Step Four: Site Vit-t and Data Collection

The purpose of the site visit ws to survey the physical elements and
processes of the facility, to review pertinent records and files, and to
conduct personnel interviews with key staff at the facility. It also
allowed members of the team to informally observe practices of the facility,

which provided valuable insights into day-to-day plant operations and
management. The compliance profile and site visit plan served as guides for
this on-site review.

The sequence of activities conducted during the site visit included:

1. Introductory briefing.

2. Personnel interviews.
3. Record reviews.

4. Facility and operations surveys.

5. Exit briefing.

This sequence of site visit activities were found to effectively
collect information needed to evaluate environental compliance and
potential hasards while keeping facility personnel informed of findings
throughout the process.

41
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Step Five: Data Evaluation end Reporting

A report was prepared for each industrial plant based on an evaluation
of the information gathered in the previous steps. These reports asess
environmental compliance, additional hazard areas, and identify energy and
resource conservation activities and opportunities. They also serve as a
planning tool for ASD and plant staff to provide for future needs in these
areas.

RESULTS

In October of 1983, ASD completed environmental audits for its fifteen
GOCO facilities and had an opportunity to evaluate the results. In review,
this program met ASD's primary objectives which encompassed:

o Summary of facility operations
o Assessment of environmental compliance and potential haard areas
o Recommendation of improved environmental management
0 Identification of opportunities for material and energy conserva-

tion and recovery.

As a result, ASD was able to provide an assessment and operational plan
to meet the immediate AF requirements specified in AF Directive 78-22, which
outlined an environmental and energy program directed at environmental
compliance, reduction in liabilities and conservation of resources.

In addition to this immediate benefit of their audit program, ASD has
realized a long list of benefits including:

o Improved relations with regulatory agencies.. ii
o Improved public relations

o Improved compliance with applicable environmental regulations

a Better understanding of facility operations

o Opportunities for significant cost savings through energy and
materials conservation.

ASD is also anticipating experiencing the following benefits through
continued monitoring of their programs

o Greater protection of human health and environment
o Reduced environmental liabilittes
o Reduced costs for cloean-up of environmental conteminatton
o Reduced costs for energy and raw materials

All of these benefits of MD's newly developed program are the direct
result of greater management understanding and control of enviromental an
energy operations at the fifteen 00W0 facilities. This has allowed A5D to
implement a follow-up program wbi bas aas its core the ability to%
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Stargeit resources

o substantiate funding requests
o plan and develop remedial strategies
o track progress of activities.

Thus, the success of ASD's environmental and energy audit program has

helped to begin the development of an environmental/energy management

program which Is based on two major tenets-

1. Reduction hasards to human health and environment

2. Reduction in expendituresI

This course is one being developed with greater frequency across the country
to avoid potential backlashes as a result of inadvertent environmental and

energy mismanagement.

A7A

I

4;4



' -

STRATEGIES FOR PREPARING AND SUMMETTING

A PART 8 APPLICATION FOR A O FACILITY

CL

By Wayne K. Tusa

As you are all awarethe United States Environmental Protection Agency

(EPA) has issued regulations to ensure the protection of huan health and

the environment through the appropriate management of hazardous wastes under

Subtitle C of the Resource Conservation and Recovery Act of 1976 (ICRA).

Those regulations require most facilities that treat, store or dispose of

hazardous waste to obtain a KIM permit. The application for this permit

consists of two parts, Part A and Part B. Facilities in existence before

November 1980 were required to submit the Part A application by November 19,

S1960. These facilities were granted "interim status" under the regulations,

which permits them to continue operations until final ainistrative action

is taken on their- permit. This requires the submittal of a detailid Part 8

permit application. The permit application must contain sufficient informa-

* tion to assure EPA that the facility design, operation and proposed closure

Sand post-closure plans wil satisfy the applicable permitting standards.

The Agency has called and begun to review several hundred permit app

cations In recent months. Close examination of how that process has worked

Nr. Tusa is the Diraer of the corporate office of Fred C. Hart Associates,
Inc. in New York City, located at 530 Fifth Avowme, Now York, New York
1OW, (212-NO-3VW).

44



to date has provided important clues with respect to streamlining the re-

ceipt of a Part S permit for any faciTity currently preparing a permit or

expecting to be called. The purpose of this presentation Is to provide a

brief summary of the contents of a Part 8 application, to identify the major

goals which should be held by the applicant and the permit writers and to

provide some insights on the lessons learned so far In the Part 8 process.

Regulations and Aslicant's Goals

To put the following comments In context, it Is necessary to understand

4 in general what the regulators' goals are in reviewing the permit 'applica-4

4 tion and In preparing and issuing a facility permit. As well, in retro-

spect, It is of interest to understand the most appropriate set of goals

which should be adopted by the applicant in preparing the permit application

and in completing the application public record. For the permit writer or
t regulator, the goals are quite clear:

To assure that all prescribed information is provided

* To assess whether the site will release hazardous compounds in
concentration that might harm human health or the environment or
which might violate applicable standards

* To asceptain apparent level of compliance and the overall re-
sources dedicated to the KM program Implemented to date by the
applicant

* To select the most appropriate set of general and specific permit
conditions required baed uoen the informetion provided

The applicant's gpals are less clear and can be Mere flexible. In

general, however , the applicant sheud seek:

4S



To submit all necessary information

*To des trate compliance with all applicable regulations

* To provide substantial documentation defining the level of hazard-
ous releases that might occur and the rfiative risks associated
with these releases

* To leave the impression that a comprehensive well managed program
is and Nas been in place

* To provide the data in a highly professional and well organized
format

* To provide an adequate level of detail to result in favorable
decision by EPA permit reviewers in those areas subject to *best
engineering judgiment"

* To minimize compliance costs ever the life of the permit

* To prepare a document suitable for public consumption for those
4 portions of the permit not covered by a claim of confidentiality

The Potential Comlication~s Associated With goFacilities

Preparation of the Part I application for a 00facility can be more

complicated and time consuming then a similar permit application for a

privately oeeocility for a nmert of reasons.

First of all, NOfacilities ted to be large ad complex. The hazard-

ovs waste monagement system itself so also be extensive and complicated.

CMoseqenly, the deta getheriag and procedures Implementation tasks my be

complicated. This may hold true oven at installations having only rola-

tively simple permitting requroments, such as an installation having stor-

age facilities only, since the entire en-site weste management system needs

to be described as bechgound mterial.4
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A seond issue ay relate to the division of hazardous waste responsi-

bilities at the Installation. Different activities and different tenants

result in differences in day-to-day operations, thus complicating data

collection and the development of consistent management procedures to which

the applicant can commit to in the permit application.

Another issue relates to obtaining timely support up through the chain-

4 of-commnd. This can be particularly frustrating if the intent of the

application is not well understood by management personnel and consequently,

either adequate resources are not made available or decisions on key issues

are not made in a timely manner. For exmple, in our experience, it is not

uncommon to find, in both the pub)ic and prfvate sectors, in the data col lec-

tion process that procedures in place during the interim status period are

not likely to be adequate under Part 264 regulations. This requires the
'-I I

definition of appropriate procedures and the description of these procedures

in the appropriate segent of the application, all of which cannot be expedi-

tiously completed if timely decisions are not made.

A similar issue relates to the budgeting process. Ideally, when any
applicant submits the Part 8 application, there should be no outstanding

areas of non-compliance. If during the course of preparation of the appli-

* cation, it is determined that specific capital expenditures are required, it

* may be difficult to complete the design, budgeting and construction process

with the generally limited time available to complete the Part S applica-

tion.
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A last issue relates to the types of activities that coomonly occur at

000 facilities. It is generally quite clear that EPA's regulations were not

written with 000 type installations in mind. There are a variety of rea-

sonably comon operations that occur at 000 installations which are not or

are only partially covered by the EPA regulations. Typical examples include

popping furnaces and open burning.

Contents of a Part 8 Application

A typical Part 8 application would include the following:

A. Part A Application

S. Facility Description

C. Waste Characteristics

0. Process Information

4 E. Monitoring Systems

* F. Procedures to Prevent Hazards

G. Contingency Plan

M. Personnel Training

1. Closure Plans, Post-Closure Plans, Financial Requirements

J. Other Federal Laws

Other sections that might be included are:

K. Evaluation of Potential Emissions

L. Suggested Permit Conditions

N. Cempliance Checklist
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ILessons Learned
In that context one can begin to identify some of the key lessons that

have been learned to date by the Involved parties. Perhaps the first of

these relates to how one gets called for a Part 8 permit in the first place.

Broadly speaking, EPA (and the states) have been calling "major facilities."

While the procedures very on a state-to-state and region-to-region basis, a

potential major facility is any facility that is large, is a land disposal

or incinerator facility, is significantly out of compliance with the interim

status requirements, Is a facility that poses a high risk to human health or

the environment and/or is highly visible.

A second lesson is that the RCRA permit is the cornerstone of the

entire regulatory system. At this point in time, the regulatory agency

completes, often for the first time, a full evaluation of whether the facil-

ity is in compliance with the interim status regulations. Additionally, the

permit will require designs and operating procedures which are consistent

with the applicable regulations for the full ten year permit period.

Consequently, the level of detail required in the permit application

typically exceeds by far that which has been requested under many water,

wastater and air permit progrems. The technical requirements are more

complex and detailed and as a result the permit application itself tends to

be lengthy, ranging from 100 to S0 pages in length.

As a result, the permit application tends to be costly. Typical costs

to an applicant Include not only aministrative, technical and legoa costs
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but also capital costs for facility improvements and increased operating

costs to maintain compliance. The permit application my also require very

detailed technical analyses, such as test burns, groundwater modeling,

exhaustive chemical analyses, etc.

The complexity of the Part B process and the applicable regulations

inevitably leads to uncertainties. Part B's are now to many, including some

of the permit writers. The inter-relationship between the states and EPA

can be confusing, state level RCRA regulations typically differ in coverage,

standards and procedures even if the program has been deemed "equivalent and

consistent." The time fram over which the application is prepared and

reviewed also creates inherent uncertainties since the regulations have been

in a state of constant change. As well, there are often technical gaps in
r

the personnel available to permit writers on specific aspects of individual

permits.

One of the major uncertainties among applicants seems to relate to

whether a Part 6 is really needed at any one facility, or what hazardous

4 waste units need to be covered in a facility-wide Part B application.

Typical examples include wastewater treatment facilities, recycling/recovery

fatilities and storage facilities.

Once one is quite confident that a particular facility needs a Part B

application, one lesson learned is not to assum that the facility meets all

interim status requirements since the facility may have undergone a state or

federal inspection. This tends to be a major problem for two reasons. The

first is that many of the pro-Part B inspections have been surficial itspec-

tions only, i.e. does a facility have a contingency plan rather than does

iso



that contingency plan meet the Part 264 requirements. As a consequence, at

a great number of facilities, the existing interim status compliance plans

(inspection, contingency, training, closure, etc.) are often inadequately

detailed for the purposes of the Part 8 application.

The second reason relates to the adequacy of the existing facility to

met the design and performance standards of the interim status and Part 264

regulations. As a consequence, capital expenditures and/or operational

changes my be required to bring the facility into compliance before the

application is submitted. Assuming that this is technically possible, the

applicant presents a much stronger case to the regulators and to the public

relating to its attempts to meet the mandates of the law. Typical examples

might relate to incompatible waste storage areas in container storage faci-

lities, lack of emergency response equipment, inadequate groundwater moni-

toring facilities, etc.

Once the applicant understands the facility's relative state of regu-

latory compliance, an additional lesson learned relates to taking full

advantage of EPA's help and how best to obtain that assistance. The appli-

cant has a wide variety of choices including obtaining access to the numer-

ous relevant technical resource documents, utilizing the RCRA/Superfund Hot-

ine (800-424-9346), developing a one-to-one relationship with the assigned

permit writer and taking advantage of pre-application meetings and EPA,

state and contractor sponsored training sessions. Additional useful ap-

proeaches include having the permit writer visit the site early in the six

month tie frame, having the permit writer review available interim status

documents and draft sections of the Part I permit application.

Si



Once the applicant understands the relative complexity of the job at

hand and the degree of assistance he can obtain from the permit writer, the

applicant must develop a strategy and schedule to assure that the permit

application will be In on tim. EPA has the authority to revoke a facil-

ity's status if the application is not received on time and/or to invoke

financial penalties. As well, the applicant needs to be doing everything

.within reason to maintain credibility with the regulatory agency.

While preparing the application it would also be a mistake to take a

short-term view for a nmber of reasons. One of these relates to the cur-

rent definition of a minor permit modification. At this time most modifi-

cations to the Part B permit are classified as major and at a minimum would

require a public hearing. As a result, where possible all permits should

identify and incorporate expected changes.

It is particularly important as well to recognize that once issued, the

-permit will control the effective costs of operating the hazardous facility

covered by that permit. A high quality permit application would demonstrate

to the agency permit writer the applicant's commitment to regulatory compli-

once and an argument could be made that the resulting permit conditions

would be less stringent (and costly) than those proposed for an acceptable

but less well managed (and riskier) TSO.

The last point brings to mind another lesson learned to date. The

permit writer Is human, with all the strengths and weaknesses representative

of that race. Regardless of the need for ceouistent federal and state

regulatlons and permit cendition, it is the permit writer that the
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J applicant must first satisfy. On that basis, it behooves the applicant to

identify early-on in the process what specific details the permit writer

wants to see, in what format the data should be presented, and how flexible

the assigned permit writer will be to utilizing existing textual materials,

interpreting the specific portions of the regulations, etc.

This brings up another valuable point: the applicant should take

advantage of opportunities for variances or alternative regulatory inter-

pretations where they might logically apply to the specifics of any one

site. The regions and most of the states appear to have considerable flexi-

bility in how stringent their interpretation of the specific requireents

may be.

Conversely, during the process it is also important to monitor the

permit writer for procedural correctness. Since the permit writer is human

he can make mistakes, and in some instances it may be advantageous to the

. applicant to demonstrate his or her detailed understanding of the rtgula-

* tions by pointing out a more precise interpretation of these regulations.

Once the application is coapleted, there are a number of additional

lessons learned which can make the whole process less painful to the appli-

cant. Thee include, for example, not forgetting to claim confidentiality

if appropriate on the actual submission. Another relates to not informing

EPA of any new information or circumstances that occur while the process is

on-geing. Again, this relates primarily to maintaining credibility with the

regulatory agency On the general public.
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It is also important to assure that the permit application alone does

not constitute the entire record. Where possible all comunications should

be substantiated in writing.

This becomes crucial when one recognizes that receipt of a Part 6

permit requires participation at a public hearing where all of your "hazard-

ous" operations will be exposed to public scrutiny. In preparing the appli-

cation and the record, it is crucial to present all the data in a format

understandable to a layman. The public too must be satisfied and your

arguments, your assessments of risks and your conclusions must be acceptable

to the comunity.

It is also important to note that the public hearing and the subsequent

regulatory decisions do not constitute a final decision if the permit appli-

cation is denied or is extraordinarily rigorous. An applicant has the right

to appeal based upon the reasonableness of the decision as it relates to

* what data is contained in the application record.

S

-LThe Part 8 process is complex, uncertain and inherently subjective.

While the level of uncertainties is decreasing, the applicant can minimize

the uncertainties by aggressively managing the process. The applicant must

plan his stratew, pay particular attention to details and follow through

daily Itf necessary. The long-term cost savings alone should justify the in-

creased attention given to mnagement of the Part I application process

$4
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ASSESSIENT OF EArIOHENI'L COSTS
AT

ORDNANCE ACTIVITIES

, ntrodction

-- nvironmental protection programs, necessitated by governmental
regulations, require manhours and materials to administer. This costs
Oey. The purpose of this studY was to determine the magnitude of

expenses associated with the programs mandated in the Navy's
Environmental and Natural Resources Protection Hanual; OPNAVIMST SM.1
of 26 Nay Ib3~

Background

In the past, Naval Sea System Commnd has experienced difficulty
in identifying expenditures specifically Incurred for implementation of
environmental reglations. This problem Is due to the fact that support
for enviroantal services has lay hidden in other operating functions.
As a result, an effort was directed towerd establishing a budget line
item to satisfy this requirement.

Approach

To establish a budget line Item the magnitude of the expenses
necessitating funding required Investigation. The approach selected to
conduct this investigation involved estimating the cost to a typical
government facility of coplying with the Navy's Environmental and
Natural Resources Protection Manual (OPNAVINST 5090.1 of 26 May 1963).
This manual encompasses all Navy environmental program.

The Navy's Ordnance Environmental Support Office (OESO), a
specialty office working closely with the ordnance comnity on
environmental matters, was selected to conduct this study owi to Its
familiarity and expertise with ordnance and industrial-type activities
and their associated environmental program.

The Naval Ordnance Station (NAVORDSTA), Indian Nead, 1aryland was
chosen as a typical facility owing to its wide range of 00 industrial
operations affected by the environmental programs. NAVORSTA Is a medim
sized, light manufacturing activity with a civilian elopm of
approximately 1,800 people. Most of the workload consists of propellant
manufacturing, rocket motor assemblxand engineering development for
various Weapon System used by the VY.
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Nethodology

The OPHAV Instruction 6090.1 was evaluated by assigning individual
chapters to OESO personnel with associated expertise. A literature
search was performed for documentation governing the environmental impact
of DoO operations. This docimentation was gathered from the following:

1) Presidential Executive Orders
2) Congressional Legislation
3) Federal Agency Regulations
4) DoD Policy
5) Navy Command ReqUirements
6) Systems Comand implementing instructions

The products of this literature search were directive chains
applicable to the individual chapters of the manual. As an exmple.
Chapter 6 generated the following directions as a result of the Clean Air
Act.

In order to support a budget line item for an activity level
enviromental program, it was necessary to demonstrate the cost to an
activity of implementing the directive chain. Eleven elements were
pro-established and used for Indian Head budgetary application. ny
NAVSEA activities share these coanon elements. Levels of compliance were
established and initially applied to the manual on a chapter by chapter
basis. At the saw time we carefully considered the various waste
generating operations at Indian Head. Functional operations ware defined
based on our femiliarity of Navy organization and program implementation
at the activity level. Specifically, areas of environmental Iqiact
and/or responsibility were determined at the Station. Responsible
personnel in these areas were contacted by meers of OESO to determine
the tasks required to comply with the directive chain. In addition. FY83
forecasted budgets versus actual expenditures were discussed. Elements

4applicable to the environmental program ware added.or deleted and thecost estimated at this time.

The sums of the Individual chapters were calculated and totaled.
This total represents the cost of the Naval Ordnance Station
Enviroemental Progrem for fiscal year 83.

Fl Adines

The following are our findings based on a chapter by chapter
analysis of the mal.

Chapters I1& 2 discus thn overall responsibility of toe Comieuiig
Officer of a Naval facility which infers a pcial staff for an
enviremmntl coordto to adnnister the overall enviremmtl prerem
for the activity. For the purpose of this report, the administrative
costs have bee deferred and inclued as ana donntrative lime item in
the arious envinmmta prOgrm ares. Tie aflfstrtive coats
e01as both mnagerial ai techmical fuction as wll as Clerical
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Chapter 3 discusses the requirements of the Naval Environmmntal
Protection Support Services IMEPSS). XEPSS, as its title Implies, is a
Navy support organization employed by contract when needed by individual
activities. MEPSS support therefore is not an annual activity budget
line item; rather It Is funded on a task basis. During FY63, MAYOOSTA
Indian Nead tasked NEPSS to certify the performance of Installed air
pollution equipment at a one time charge of 565K.

Chapter 4 addresses the requiroment placed upon activities by the
National Environmental Policy Act (NEPA) which mandates the proeration
of Environmental Impact Statements (EIS). Internal Navy requirements
include Environmental Assessments (EA) and Preliminary Environmental
Assessments (PEA). NAVOROSTA Indian Head prepares PEAs/EAs; prior to
pilot scale manufacture of specialty chemicals. These environmental
assessment& collect and consider toxicological and other hazardous
properties to Insure that the manufacturing effort will be in compliance
with environmental regulations. The FY63 cost to Indian Need for
preparation of PWAEAs was S5E.

Chapter 6 addresses Water Pollution Abatement Ashore which includes
those measures necessary to prevent and control surface and groundwater
pollution from wastewater, dredge and fill operations and surface runoff
from Naval Shore Activities. The FY63 water pollution budget for
NAVORDSTA, Indian Nead totaled $314,1009. This total included costs
associated with the operation of sewage treatment plants. Specific line
items include the cost of administration, sapling, analysts, reporting,
operations, maintenance, supervision and training.

Chapter 6 delineates the requirements Initially mandated by the
Clean Air Act and p.omlgated through state and regional programs.
Individual Navy requirements relative to air emissions are also
addressed. Due to the lack of the requirement for an air emissions
permit, the air pollution program budget for NAVORDSTA Indian Head Is
relatively low. During FY63, NAVOROS1A Indian Heed air pollution cos
included administration ambient air monitoring, power house stack
monitoring, and a one time cost of monitoring ordnance open burning
operations. The cumulative cost of this effort was 527,200.

This chapter identifies those cost elemnts incurred In fta to
dyoperation Of a activity waste disposal progrM. Based an

regulation eromate under the Resourc onsrvation and Recovery Act
iiwM, Nava activities are requred to estalish a resource recovery

prog1e1 heneve possible. Chapter 7 deals exclusl~y with
non-agadeu wate.At Naval Ordnance Statism Indian Nead,

iflgs-bazardems solid waste Is transported off-station for disoesal. The
ceulative cost for this effort Is $266,694. The maJor portion of this
tetal Is allocated to transportation costs. This transportation lime
Item Intl"de cotract hauling and disposal.



Chapter 8 talks to noise pollution. Activities are required to
conform to federel regulations established by the Envirommnutal
Protection Agency, and state and local laws prscribing maxim
permissible noise levels across property lines. Explosive ordnance
disposal operations And rocket motor testing are local issues of concern
at Indian Head and possible public reaction Is a constant consideration
of Station management during these operations. As a result of these
cooperative concerns for the commity, there are currently no local laws
or ordinances that inhibit operations. For this reason, no budgetary
line item is required.

The next chapter outlines the applicable pollution prevention and
btemet regulations for mixing, storae , and disposal of pesticides at

Naval shore fcilitts as required by tc Federal Insecticide, Fungicide
and Rodenticide Act (IFRA). The Naval Ordnnce Station maintains an
open-end contract for most pest control work. The Station's contfngency
plans provide for personnel, facilities, aod equipment to be used for a
pesticide spill on the activity grounds. The contract cost was $30,000
for fiscal year 19. Spill control of pesticides is budgetd under the
elements of Chapter 13. ste water discharge of pesticids is covere
under th National Pollution Discharge Elimination System (WKS)
addressed in Chapter 5 and disposal of hazardous pesticide waste is
Included in the cost elements of Chapter 11.

There are two chapters that deal with the Oil Spill Control
Program. Chapter 10 accounts for the routine day-to-day costs associated
with oil; such as annual maintenanco, transportation And routine disposal
of petrolem products. The cuoulative cost of this effort was S28,500.

Chapter 11 identifies the respsibilities and requirements that
are applicable to the control of pollution from the use of hazardous
materials and haarous substances, Including hazardous waste. As one
would expect, the cost of the hazardous materials program Is a major
expense of the environental program Muget for Aay Naval industrialfacility. Contingency planning for spills of hazardous materials or
waste is addressed in Chapter 13. NAVORSTA Indian Head has S228,M0
budeted to accplish the environmntal ne nt of hazardous
materials and hazardous vaste. At Indian the major portion of
these funds Is exp nd on Incineration of hazardous waste in copliance
with the exampton for open burning provided by the Resour Conservation
And lecovery Act. It Is estimated that the cost of transportation Ad
incineration Is $130 per barrel of waste. Nigh disposal cost may be
attributed tO the sensitivity of the materials associated with ordane
And the acceum qing spial handling requlrments of explosives and
propollasts.

NAVOM A Indian Head Is a shore facility n does not a a
pier or sips. The activities hhsch do provide this Ippwr t IV--A reflect Additional costs for the budget line Items expended for Chatr12, Pllution atem1nt Aflot.
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The elments of Chapter 13 are concerned with contingency plans to
control spills of oil and hazardous substances. Naval Ordnance Station,
Indian Head did not have an oil spill in fiscal year 83. The Station
uses over 2000 different chmicals and hazardous substances, and the
associated clean-up and admnistrative costs of these materials totaled
$89,700.

In general, regulations prohibit transporting matrial from shore
for deep water disposal. Some exceptions ore allowed and permfts are
issued on a case-by-case basis. Weapons and Combat Systems Directorate
field activities do not have any known permits even though there is
occasional ocean disposal of dredged material. This chapter includes the
costs of *burial at seas.

Chapter 16 addresses the requirement for each Naval activity having
significant land area, or with natural resources mnagemont problems, to
prepare a comprehensive natural resource wnagmnt plan. This plan must
include soil and water mnagement, fish and wildlife and outdoor
recreational planning. Natural resource mnagement plans should also
consider endangered species, wetlands and natural cultural and historic
areas. In fiscal year 83, Novel Ordnance Station Indian Head invested
$69,446 in accomplishing various elements of this natural resource
mnagment objective. Much of the forest managemnt expenses were
off-set by the proceeds from the sale of forest products.

Chapter 16 identifies optimum levels of quality and use of
industrial and drinking water. The Station spent $488,000 on this
endeavor in fiscal year 83. The cost of Industrial operations and
production of steam contributes to this relatively high figure.

As an incentive for activities, and to increase the effectiveness
of the Navy's Environmental Program, the Secretary of the Navy has
established the Navy Enviroimental Protection Annual Awards Program.
Chapter 17 outlines submission requirements for this award and delineates
the ward activity selection criteria. Funding is provided through
general administrative costs.

To recap our findings, the total cost of the NAVORDSTA Indian Head
Enviromental Program for FY83 was $1,602,620. This represents
approximately 1.2 of the NAVOS)STA Indian Head FY83 budget. As one
would expect, the most costly regulations, for Naval activities to
implment, orignate frm the Clean Water Act (CMA) and the Resource
Conservtion ad Recovery Act (RCM). It is estimted that compliance
with reglations mdated by the CM account for approximately M of the
tetal euviremenal program cost. CRA compl nce accounts for
apprmItely 30.



Conclusion

Based on the findings of this stuo~, the cost of the environmnental
program for a medium size Navel Industrial activity Is unquestionably of
sufficient magnitude to support Its inclusion as an annul budget line
itoo.

With the environmental emphasis of the past decade and the
continuing Implementation of associated regulations, the support of
environmental protection programu should not diminish and must be
considered as a cost of doing business. This fact was reinforced during
an EPA Enforcement Staff Conference which was held in January 1964. The
purpose of the conference was to discuss agency plans for stepped-up
enforcement of envi ronmental regulations. During the conference, E PA
Assistant Administrator Lee Thomas remarked "In order for federal
hazardous waste matg et statutes to be effective In halting pollution,
those governed ZOy thlw most be given a clear message that the costs
of violations wil 11eceed the beneifits.
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Table I. Cost Estimates'

Chapter Tiost
No. Tide________________ (FY483)

I Policy and General Responsibilities Nowe
2 Pollution Abatement Program None
3 Naval Environmental Protection S 6S,000

Support Service

4 Environmental Assessments and 5.000
Statements

S Water Pollution Abatement Ashore 314,100

6 Air Pollution Abatement Ashore 27,20
7 Solid Waste Management and Resource 256,694

Recovery Ashore
8 Noise Abatement Ashore None

9 Pesticide Pollution Abatement Ashore 30,000

10 Oil Pollution Abatement Ashore 28,500
11 Hazardous Materials Environmental 228,880

* Management Ashore
12 Pollution Abatement'Afloat None
13 Oil and Hazardous Substance Release 89,700

Contingency PaIg
14 Ocean Dumping None
15I Natural. Cultural, and Historic 69,46

Resources
16 1rusuial and Dripking Water Syuserns 48S.000

17 Seeregary, of the N.,%.v Emw~onmen.a None
P-.ote-.-ion A~ual Awards Progrti

To:al costs________ S.C52

'Cw3tCTer correspord x'ith those ;.~ tue Emirotnnnta vi Na:-urai '.cv.cts Protction MwaIcal
:,E%VINST 5M9.1).
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Chapter 1: Policy and General Responsibilities

Typcal Elemem for Complianc Indian Head Budget Element FY483 Cost
Environmenal Coordinator

ToW cost so

CHAPTER 1. POLICY AND GENERAL RESPONSIBILITIES
DIRECTIVE CHAIN

Mn-
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Chapter 2: Mlution. Abatement Program

Typical Eements for Compliac Indian Head Budget Elem

Environmnental Coordinator.-
program and project planning

Total cost so
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Chapter 2: Pollution Abatement Program

Typical Elements fbn Compliance Jnian Head Budget EmetFY483 Cant
Envircinental Coordinator,
program armd project planning

Total cost so
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CHAPTER 2. POLLUTION ABATEMENT PROGRAM
DIRECTIVE CHAIN4

LO.12M mnveramalm Ieh

omeU CkWw ^-log IProemnng

I-~~~ .p w O 20
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Chapter 3: Nava Environental Protection Support Service

Tyvpical Eiements for Coampliance Indian Hed Budpt Element FY43 Cost
Cerd- pefonnnceof initaliod

air pollwtion equipment (coal
conversion; one-time charge
by NTYESA). '

Tota cost S6S.O5
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CHAPTER 3. NAVAL ENVIRONMENTAL PROTECTION SUPPORT
SERVICE - DIRECTIVE CHAIN

0 Clen Air Act. 42 U.SC. 7401
0 PaLina Wte Psoutie Covrm Act.

33 U.C.r 1251
e Solid Warn Olaseeu Act. 42 U.S.. M0I

0 1.0. 1 1523: Nasw ttgeul.
Control ComCil

e I.0- 120M.: Purview am Pswgy of Clea
Airt 4

* Feallal Wter Pllutiee Contol Act
0 Solid WWe Olsas Act

COD ftseudeam

0 DOD Ina 4120.14: Iwn~lemmenil of OPaals
providaby 1.0. 1205

& 000 DireciveSO O M U vaof 000 maamwmn
in Prntcln eam Inftencifq Ia O wUS

e 000 Dideative SM.). 000 Adweltian of
tftwoef i nvoemimeuI PIWey Act of IMI

NaM Reitsnauu

e SICtIAVINST 6240.61: DON Ineponmmal
P vaot on Will Nawm pUtes maoaesen"
Proyam IS Augmt 1377

. ONWAVINST 5060.1: EnvorenmnalW
Nwut mosouraa Pimomen Man"a:
26Mat 133

NAVMAT Insfutma

0 6240.&A. Novol Inv, raa'ama' Pi'ntatOn
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Chapter 4: Envircumental Assessments and Statements

Typica Elements for Comphiazme badian Had Bufto Elea I'MS cn

Prtpare eflvironmcmal docuners Prelirujiy Ezwironmema)SS00
AsemT --I-* .2-fal

Tow lcm AM00
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f 141 diners Iawsmuwaa on Ift ya w
own 7 """1g lahe PAct. 23 Des....I*'37

*1.0. 1164: C6.WtF Cobym LO.t1112 laty,

Alithe Ieiasm UmhEVsmst 2-My
*L 1.0114: F~ed Conwalue en he P~erg

Coenrol CSumor: 13 July 17

1~~1 Aenda LIeNIA
O1.. 12063: Ped*M fWson. ts wt to

Ownat Sods#=: 120b. Por373wb

* 14AaJu 171

Ow j ~ mi Mom: 000 s. wu o

I"ities GuWg mAmaeaeo

moAsem. LW of: 24 May 13
000 Dwosb. 9007: NIPA. Illsoomtbilaoe
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26 Mov 1113
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Chapter 5: Mter Pblution Abatement Ashore

Typic&i Elemmnts for Coupime ________________ cos

NPDES pernmued industWa source t4HES Vvrodud iudustzia saw=es
Adruumaibchvca suppot WpolS 4,4O
SampifgStligIG
AnJssAnalysis
Reporting M

NPDES peimad waig -lu IPDES permimid snip PIap

TRWin Traimg 2A00
Sampling ampin 2MO

Twul cot 34J
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CHAPTER S. WATER POLLUTON ABATEENT ASHORE -DIRECUVE Cg1AY

0 on WNWs AN of It"Lq~eR~g~
0 Riven "e Nml Aine of I
* bhele eMWumsm Rummdt Sewnwgvmef Am of 197L. Um 1010 Oiu 0uwamg 22 Oeeier 1672
$41 We.MIM" WsW AMe 16 D.samQt 1374

*CinsI Z' Issm~ AI Of 137?

pod" mpa ewlemt

*3 3CPR 153: Comets'of POWautig by il mmd HMaedsu S.*senms. Diseq Romwel. Cfm Gamed

* 33 CPR MU033: Army Cuss of Ite'se Pemit O'egesm Replstecei
e 40 CPR 101: Crish fw Seie WeOW. med Repionial Oil Memwww Comtisippie Pbmw
* 4OCPA l1it O U-0 p Goo$*
* ficCPR 112: Oil Pfewwteleft
e 40 CPR 113. Loabilhty Lbr~for1 Sff*N OMeher Oil Stompg Fausilhif

40CPP 114: inteqtmi Reuaeetsms on Civii vsmhlen for viewueeo of Oil Poehl Proeemelge

* 40 ;v" 116: ODlgsiee..4 of mgaid beg Sg*U
e 40 CP 117: Deesmh~wslmof Regeewafs Oume~teu for Naerti .Subiass
* 40 CPR. 122. math"a sed ell Des Oews imeIn Sysum Permit Repastleft
* 40 CP 123: Stan1101 t PooS dsn P rgmm Reftlumes
* 40 CP 125: Crke illn Stmhevs for V Natioel PollmWil Diacurg 1geittdM Se m M .4.,
e 40 CM 122:Ma Lte iry T an ves I eftwtieT
e 40CPR 125: Tat Preaesr ft elasulygl of Polummu
a 40CM n2202.227-223: 0Owe Owin" sibn meCeei

a 40 CPR 221: 0bomml Sits Deeemi"l Unider the Wat Act
*40 CP am: Umrsetmn stwwdwo
a 40 CUR 129: isuic Petuewn 1"hiv Stnihd
* 40 CUp 401: Gmoera Prev*1iom for Mom~in aviaeliaswi ssd e a
* 40 CPR 412: ["koum Gvldesns and Stsmdes few Ismroestm
. 40 ClM 414: Efflume G;Umdeww OW Standea for Plasim and syneheeln

* .0 40 CFM 410. aftlve Guldewe and Swaedofo f1w Plht oft Synihetm
* 40 CP 418: Effluen Gvkfbsmli Ild amb~d for Uemiln Menlagurs
. 40 CM 422: 1flhIeow Guidlin for Moem slosten Peswso Generua

*~ ~ ~ ~ 0 000Olestw 1St1

* 00ZD~ivq4I*.14!ftwvP0#sftOIb 1.0. 12088 and OWS Circuit- A.'. C,1moaermiemtiomOf.
*'cd Air erg Water Potin from 000 Oftili,". Paisc'hs. SC £ujjg? 1§77

* 000 instrudten SIX0.: Poft "n Molds mserit bmv. sau'~v Jaec 124s
*000 In fstrean 417CLI: S1oil Oe W&Ier bsnsee.nnt PeaY. em-,':*Ncep1373
0 OW iwem 0=C4: Mmmcm Smeal~mn Dov.ses for Sh-.*PIc sfw P..;&muei: 23 Ceter 1473

* :00 Ditectriw r&0.1- Sale fimmellWW, Av. Folicv- 2ALO 4~~71

NaVy Raqdrems

" C9NAVlIN11IM 500: 1nvi'll"'tsi nM :aaturs. Reeovrc" P.'e~r. -on r.; :4 %I8v '93

" M3Ii"S7 624&3.2C Strarles for h s Wrwe: :1 &cageti4:

" NAVPACINT4 4I21: Tfoefgt 0ev,.. Commaa Pretw-aer" n n;: J4.0q 13"
" WAVPACIPS1 486.5A. mseifsai Wootetr Ctnmre. Ptgegs: 31 Juiy IMf
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Chapter 6: Air Polluton Abatement Ashor

TyPacal Elemenu for Comubaec _____Hed_____"Laco

Amuuaouenca uppr Aviamm S 2,200
Mawanawsc of mnsuled equipment
Am~bient air monisofiig Air Mamier 6A00
Suack moouisi Stock Maier 17.000'J

bwafq -ow (*- cmr)

Totl or 327=20
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CHAPTR 6. AIR POLLUTION ARATE14ENT ASHORE - DIRECTIVE CHAIN

o Ca Air Am
* kWigSvwqWtr Cm an v@W P Peilsy AlL SOB. 101, Su

Am'ms OMWerOf Lobhi Fum Sow= ~sg: 9 Nevowet IM7
0 1nw bsy -~~ 00 IWoMAMsMe CsW~iilo Avg of 1974.

Sect 2. COWl CmWoeemom ua Allofo SLot 212. Fuel
logefy hotoom #rem tWow Moew voetor 24 Jmpe 1974

*1.0. t ISM: Cftm Ai As Adwottoe of Pueg" Cowtrm:
30Ju0 1071

*40 CPR W. NobM.ma PmWyW anW Susondaey Afblont Air Oualt Itsred

do ~CPA 51: P"oa"pt of iaowwemi Piao Sueom V - tapti
*40 CPR IS: Enoyy.R*bWad Aanboefrv leSofl V - Marylan It 5 6.40 DOtYod
CeW.w Ot ae- 46 FRSslu4ohl NOI Gd Pow@r Plan: 2S Oetabor 1li

*40 CPA U.: Affbim Air Ousily Suioi
40 dCPA 6. Sandals of P" oomun tv ot anstatlanay Sourca

o 60 CPR 6M: kdni$Wo Entuuon Smaalmds ta Mm~aoous Air Poowwmu IfAmom
seorfium Aocwc mawo Firinp

o 40 CPR 62: Siam Plane for Dosignato Feefffttos "f Poluton

o 40 CFR 61: Ooloyod Conilns Onkmr UMN the Clean Air Act

k,* 40 CPR if. Awwwomim end Cglles of NonCenlae nalmt as

a 40CPR 67: Pod" *rovo oef Stan e Nsn.Cemst t'oorftyV Pr~oM

00 ~~utnd2~4 enPlem~ C 2OUS Cirsura A-I10. Imeeemettfi~f a': aft A.' and WNtW
Poflvt from 000 PacihI WI Polf'ie: 30 Augus 1177

C PNAV ICO.1: ttovy Invv.'trit~aI &-c Noaw?*. Aerss
Prmeetef voniral: 26 May 1943
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Cbaoter 7: Solid %&Ut Management and Resource Recovery Ashore

Typical Elemients for Complianc India Head Dudiet Element FY483 Cost

Ad&rinisnti~ehechnical support Admisirve/e~mcal support S 33.M9

Tw.~sponamion Thaaspomaion .- 7.0

Spill prevention contro and
I - ~counaemeasure plan (SPCC)

Landfil Operaons LadflU operations 19inK

Sepustion and identifionk Separation O andietification A703

Manifesting and rprf
$Permi- PCr 3O

SWoAPe Swowg ofeuipment, Nracce .M )OW
Req~din# and reclamatom Recycling including precous metals 5

Tota cost S256694
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Chapter 8: Noise Abatemuent Ashore

Typical Eltments hor Compliance Indian Haed BugtElem" FY43 can

Sound bmarre zainmssace
Addiuioua coo of opentioas

(to reschedule scm)-

ibal camt so



i '  CHAPTER 8. NOISE ABATEMEh-T ASHORE -
.. N : .. iiDIRECTIVE CHA IN

- g

i~~~ wJ~ ~lv Corol uMo 0

" • I.G. 12M: Fedemi ComfnWM

of 17 Clmo 1978
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Chapter 9: Pesticide oUution Abatement Ashore

Typical Elements for Compliance Indian Head Budget Element FY3 C

Convact S30000

Total cost S30.,X)
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CHAPTER 9. PESTICIDE POLLUT10ON ABATEME14T1 ASHORE -
DIRECTIVE CHAIN

0 * df om gite Puigie el ROd~MW AM fPlFPRA? . as Auwee
* Pwal ~ Sug mu Punted Csws Ao of 1972. 21 Ocifb.' 1372

* CowotrJ Oninwiw. ~ UniS~uMaSouWm Cssuu eeueu end LWOW~t Aet
of 180.ma Amended

* IL0. 12US: Pedere Cempllenem 12 Oct*" 1373

P"el -'kL A.10: Pgdpeto lunoemem Imeutiw O"Wd 1203: 31 Doegeu~w 1374
* 40 CPA 30&. teuieo.05 end Meeeeo Suihuw, Polhnie Coeetneu PM"

* 000 0iftl" 4120.14: Iuwvgunmetei Poflu A OWS 00ft. Ceetre end
Abottem:n 30 Ae 1i77

* 000 OIVMtIV 4110.: Depwtffwm of Outset Pan Managerm Propeam:
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Chapter 10: Oil IPblutlo Abatement Ashore

Typical Elemnents for Compliance India Head Budget 1Mam FY-43 Cost
Oil spill control plan Review of oil spill cowol plan $ 1Lm0
Maintenance of oil handiling and Maintenance of oil off-loading and

storage facilities storage fcaclie (1.6 mio gal at
114 locations) 25,014

Inr-station traasponatian of I
Ose and warn oil 2000

DPDO suppon of wam oil 500

Tota cost

IT
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CHAPTER 10. OIL POLLUMON ABATEMENT ASHORE - DIRECTIVE CHAIN
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Chapter 11: Hazardous Materials Environmental Management Ashore

Typical Elements for Compliance Indian Head Budget Elemen FY4 3 Cost

Pan I: eIVH1' Management
Designate point of conact Administation and tecbncal S 48,000

support
HM survev
Develop HM management plan
Annual reporting (federal and state)
Disposal of HM/HW HW Dis;vsa (contract) 25,000
Manifesting HW Ma lesting 2,200
Storage HW Soge 1,100
Training HW Training 8,000
Equiptent NW Equipmnent 0

NW Incineraton 13 ,30
HW Pennits 2,7007

Subtotal ost (Pan 1) 222.800.

Pan 2: Iractive HS Dispos Sites
NACIP support HW Administratiouitechnical support 2,100

Subto al cost (Pan 2) S. 2.100

Part 3: Polychlorlused Diphenyls (PCBs)4
PCS Transporation PCB Transportation 500 '

PC9 A.dministration/Technical Support PCD Administration/ecmical s'uport 2,040
?C3 manifesting PC Ilanifesting S4 *

?CB $torage PCB Storage 500

S.-'xcos, (Pan 3) S 3.960

T'., :ot (P-.rs 1. 2 & 3) S2S.$SO," ,

. ............. . . ..... .. .... . . .. ..-- - - ' P-'+ .. .lq -- " -- .. .- ! l l l I
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CHA7FER 11. AAROSMATERIALS EI4VIRONMINTAL MMAGMW
ASHORE - DIRECTIVE CHADI
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PaI3 Polyc3Ooatud Dipbsnyb (PCI1s)
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Chapter 12: Polution Abatement Afloet

Typwca Elemt for Comitance id=a Head Budle Ekmem FY43 cant
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CHAPTER 12. POLLUTION ABATEMENT AFLOAT -
4 DIRECTIVE CHAIN
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Chapter 13: Oil and Hazardous Substance Release Contingency Planning

Typical Elements for Complianc indian Head Budget Element FY-83 Cost
Part 1: Navy' Organtional Aspect for RammIa

of Oil and Hazardous Subsun
Parn I Discusses area-wide planning. There are no local costs so
in this pan except for support provided to an ame wide plan.

Part 2: Navy 00 Discbmarge Responn
Develop oil spill contingency plan &Admnwtiont iu -1

suppen
Develop spill preventioo control

and countermeasure plan (SPCC)
Develop reporting procedure Reporting
Designate personnel for response
Designate equipment for respoms Equpen
Train desilnated personnel Training -
Oil spill clean-up operations Spill Cleanup -1

Subtotal cost (Part 2) -1

Part 3: Navy HS Releas Response
Develop HS spill contingency plan Admninimotonttechnical support 45,700
Develop spill prevention control

*and countermeasures plan (SPCC)
Develop reporting procedure Reporting .5
Designate personne for response
Designate equip-mn for response Equipmrent 10,000
rabn designated personnel Training 50

HS spill clean-up operations Spill cleanup 25.000

s';6Nial cost tPart1 3) 599.700

Part .4: SaI'-2;e-Relat~d Oil anid HS SpilkS
-his Sev.-oeI :,plies to Navy participation In. the salvage of

?:nd~ nL4 'eusels. Th-s section does :.ot a~yto the
necr -:.on of Shcre achvilies.

Toml coot S.00

T'q "VLo fm .,*e hn 1 Al ma L4 f.uWeI. a Pft~"ftn,jg tepv, fmr IV P. :A"C 3



CHAPTER 13. OIL ANt) HAZARDOUS SUBSTANCE RELEASED CONW4NGENCY
PLANNING - DIRECTIVE CHAIN
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Chapter 14: Ocean Dumping

In general, reguations prohibit transporting material from shore for ocean dumping. Some.ecepdoa are
allo'ed and permit are issued on a case-by-case basis. Weapons and Combat Systems Directorate faid activites
do not hawe any knmon permits for ocean dumping even though there is occasional ocean dumping of dtdged mamial.
This chapter includes burial at sea (see also 40 CFR 229.1 and BUMEDINS? 5360.11) of 4 October 11982).
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CHAPTER 14. OCEAN DUMPING - DIRECTIE CHAIN
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Chapter 15: Natural. Cultural, and Historic Resources

Typical Element for Compliance hnia Head Bug Element FY 43 Cost

Soil and Water conservation
Administraion and planninS Administration and planning S 1800
Landscape (minor construction) Landscaping 12,000
Training -

Subtotal S13,0

Forest Man gement
Reforestation Reforestion 2,.0
Timbersand improvement Timbma Inipmveme 15,000
Fire protection Fire protecim 666
Timber area access rods Thober am access rods -
Timber management Timbe managm ent 25.000
Training

Subtotal 543,166

Fish and wildlife
Plannill and management plann MW management
Invemory and survey Inventory ad survey 3,600
Feral animal control Population control 3.000
Pest control Pes control 2,880

Habitat improvement 3.000
Huting management Game warden -
Training Traini -

Subtotal S12,480

Outdoor recnaion
P!anning
.linor constuction -

Maintenance -Training -

S..aoal S 0

N3 rai and culturul rcsources
Pla2mung

M:,w'. :ons:ru:ion -

Trig'.$ -

S. a. S 0

Tow*$ ....
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CHAPTER 15. NATURAL, CULTURAL. AND HISTORIC RESOURCES -
DIRECTIVE CHAIN
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Chater16: Industrial and Drinking Water System

Typical ElewntU for COMP)Wxne 
22,000dSugl luulF43 Ci

Supervisi o S pTrainin 2 0,0W 0

Tprain i O eR alloi ns 2 51,0W

Sampling Analysi 1,

ToWa cost$48,0

~-~- 
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CHAPTER 16. INDUSTRIAL AND DRDMKNG WATER SYSTEMS -
DIRECTIVE CHAIN
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Chapter 17: Secretary of the Nary Envirornental Protection
Annual Awards Program

The Secretary of the Navy provides recognition and awards for activity environmental w man ' vm esource
protection programs. These awards ae not a cost against ihe local actvity.
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REMEDIAL ACTION OF HAZARDOUS WASTE
U.S. ARMY CORPS OF ENGINEERS

ANNISTON, ALABAMA

j Presented By:

Larry G. Copeland, P.E.
Roy F. Weston. Inc.

* *329 Muemlsi Drive. Suite C
* Decaur, Georgia 32

(I2,0-753

Or. Robert J. York
U.S. Army Toxic 9 Hazardous Mter-Ias Agency

Aberdlee Preving Ground, Maryland 21010
(301) 671-2270
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INThODUTION

Anniston Army Depot (AMA) is located in northeastern Alabama in Calhoun
County. The Depot Is located approximately ton miles west of Anniston,
Al abama and sixty mil leas1 of 31 al"

'One of the primary missioi s 1Whepair of combat vehicles.
Industrial processes which are utilized in the accomplishment of this mission
led to the production of a large number of waste chemicals. mainly
degreasing, paint stripping and metals processing sludges. Nany of these
waste chemicals are classified as hazardous under both Federal and State of
Alabama hazardous waste regulations.

Beginning in 1971-1972 and continuing until 30 September 1981,* containerized
sludge wastes were buried in seven trenches located In an elevated area with
approximately 30 feet of relief northwest of the Depot Industrial area. The
sludge disposal trench site occupied approximately two acres near thle
existing Depot sanitary landfill (Figure 1). At initiation of the project,
six of thme trenches had been completely covered and the seventh remained
partially open.

An additional site, the old lagoon sludge pile, consisted of 'materials
removed from the bottom of a lagoon which was closed in the early 1960's.
This pile was covered with a synthetic limer and covered with earth.

Organic contaminants, Including volatile aromatics, phenols and phthalate,
esters, were Indicated. The most sipVificant gWeu-'-ter contaminants were
tri~bloroethene and motimylen chloride. In spring IM, further sampling and
OCEIS analyses of twelve wells were conducted for volatile organics. At that
time other organic contaminants, in addition to the confirmed trichioroethen

S and methylene chloride, weoe detected.

Ife potential for localized gromnduater contamination led to the decision to
exhume, remove sod dispose of the contaminated material In the saves disposal
trenchies. As part of this contract, the hazardo sludges in the old lagoon
sludge pile ware to be removed, althoughm groundweter contamination was not
associated with this site.

T!hrough the use of ground penetrating radar (OPR). magmtomtry, metalr
detection and electromagmtics, the exat bo:14M1o t chmical sludge ,
disposal trenches were date. inad-tMimiit a LPt of Ithewamfn
were made from PR data. Trece &1 to 6 we estimated at 12 feet deep;
trnc 7 was estimated at mes..imetaly 17 feet deep. The corners of each

trech e srveed Stae Pana Ceordinate System) for the exact locations
for rmeoa speretiens.

A geotethncal evaluetien of the ame centaining the disposal sites was
ces~ud I a previous, contractor airing sWing and summer 1961 to oas aliuh

e0 followng:

o Malinsatien of the actua cemIca sludge disposal trench

e bUsMibses of *ae bmbvd dop* and cesfigrette
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i Direction(s) of shallow groundwater flow

* Evaluation of the potential for contaminant migration
into bedrock

Following procurement and contract negotiation by the U.S. Army Corps of
Engineers (COE), Huntsville Division, the responsibility of administering the
contract for remedial action at the Anniston Amy Depot was assigned to the
Mobile District, COE. Responsibility for administering the technical
execution of the project to remove and dispose of hazardous waste materials
from ARAD was maintained by the U. S. Amy Toxic and Hazardous Materials
Agency (USAmMA).

The quantity of material to be removed from the trenches and the old lagoon
site was initially estimated at 54,675 tons. Up to 50,000 additional tons
were authorized for removal under the contract if more extensive excavation
was required to achieve effective removal of the contaminated soil. Specific
exhumation criteria stated removal of soil two feet below the trench bottoms
and five feet horizontally from the trench sides, plus removal of all soil
partitions between trenches. If visual evidence of contamination remained,
aditional exhumation was performed at the direction of the Contracting
O itcer's Representative.

A total of 62,119 tons of contaminated material and soils from the chemical
sludge disposal trenches, old lagoon sludge pile and chemical sump at
Duilding 130 were exhumed, transported and disposed of during the project
Hazardous materials were transported by Magic City Trucking of Birmingsapi -

Alabm, and Chemical Waste Management, Inc., of Eelle, Alabam, permit.td\
hazardous waste carriers, in accordance with applicable State and Federal
regulations to Chemical Waste Management, Inc., a RC-permitted hazardous
waste disposal facility at Eelle, Alabama.

HAZMDOUS WASTE RE4OVAL OPERATIONS

Primay waste removal operations at ANAO consisted of handling and disposing
of materials from two separate sites: the chemical sludge trenches and the
old lagoon site. These sites were located approximately one mile from each
other and were arbitrarily labelled by a previous contractor as Site Z-1
(chemical sludge trenches) and Site Z-2 (old lagoon sludge pile). The
discussion of the sites follows the chronological order of their excavation.
Figures 2 and 3 represent the operational layout of Sites Z-1 and Z-2,
respectively.

During the latter phases of the removal operations, a small volume of waste
material from the chemical sip at Building 130 was transferred to the trench
site by AM personl and was subsequently transported to the disposal site
In Emelle, Alabam, by the permitted transporter.

Removal operations at ANAD were Initiated with the excavation of Site Z-2,
the old lagoon sludge pile. Site Z-2 consisted of waste sludge material that
had been mounded up and covered with a thin plastic membrane. The site was
located nar the sanitary wstater treatment plant and the spare parts
Jun*yard* for som of the vehicles revoired on the Depot.

OUIF 103
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Site preparation at Z-2 involved building a gravel road to the site which
could be used for access, truck preparation and loading. The road entered
the area beside the sanitary treatment plant and continued into an elongated
loop at the waste pile. The road was made of coarse gravel (several
different grades) which allowed easy drainage and high durability.

Prior to the excavation efforts, the entire waste pile and associated work
zones were ringed with a warning banner mounted on wooden laths to restrict
any unauthorized entrance into the orea. This barrier was sufficient since
Z-2 was located in a rather remote area with low traffic, and Depot personnel
had been briefed as to the operations at the waste pile. The warning banner
was maintained throughout the duration of the excavation operations.

A decontamination area was established at the site. An on-site supply
trailer housed equipment and tools, such as shovels, carpentry tools, eye
wash and shwer, spare safety equipment, gloves, and protective coveralls.
The trailer was parked on the far side of the loop away from the waste pile.
Visqueen which was be used to line the Inside of the dump truck bodies was
held on a rack at the rear of the trailer. This rack was designed for ease
of operation in unrolling and cutting the appropriate length of liner to fit
each truck.

Excavation at Site Z-2 began on Noveer 16, 1962. The waste pile consisted
of solid materials from a dewatered industrial waste holdin lagoon which had
contained various heavy metals and organic solvents used for electroplating
and degreasing operations. A Caterpillar 977 tracked front-end loader was
used to remove the cover and waste material and load it into the waiting
semi-dump trucks.

The disposal operations at Site Z-2 proceeded slowly during the initial
stages due to difficulty in estimating the weights of th loaded trucks prior
to their leaving Site Z-2 to be weighed. After several days, however, the
operators of the front-end loader were able to estimate the quantity of
material to comprise the correct load limits and the number of trucks
processed each day steadily rose.

Waste excavation and removal operations continued at the site through the
beginning of January 193. During this period a number of days were lost
when the site was closed due to Inclement weather conditions. Harsh weatherV*. also made it necessary to place a berm around the excavation areas to contain
any runoff from the potentially contaminated soils. In an effort to minimize
the efftcts of the rain and runoff, the open face of the excavation was
covered at the end of each daysl operation with a visqueen liner which was
sandbagged around the edges to secure it in place.

As a result of the preventive measures taken at the loading area,
decontamination of the transport vehicles was minimized. The heavy equipment
usd to excavate the site was moved to Site Z-1 where It was either used
Imf ately on the site or decontaminated at the wasdown facility prior to

toff the Depot. Site personnel underwent decontamfnatfion each time
Ow exited from a contaminated work zone. The decontamination conisted of
a mshdson and rine in a series of water-based, inorganic *stripping*
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compounds. Two decon solutions were utilized: the first, a solution
containing S percent sodium carbonate (Na2CO3) and 5 percent trisodium
phosphate (Na2PO4 ); the second, a solution containing 10 percent
trisodium phosphate (NB3PO4). Coveralls worn by the site workers were
disposed of daily to prevent any spread of contamination.

Spent wash water and decontamination solutions were piped to the
decontamination pit from which liquid overflow was transferred to the holding
basin of Site Z-1. Analyses of the liquids in the holding basin were
conducted to ensure that levels of contamination did not exceed parmters
specified in the State Indirect Discharge Permit issued to Weston for this
project. Contents of the holding basin were transported by vacuum truck to
the East Area Wastewater Treatment Plant at Anniston Army Depot for discharge
In accordance with the permit. Sludges which collected in the
decontamination pit were combined with sludges from the trenches for disposal
at the KRA-permitted hazardous waste facility.

Site Z-1 was significantly more complex than Site Z-2. Site Z-1 consisted of
seven trenches located within an area measuring approximately 360' x 400'.
These trenches contained buried drumed waste sludges from operations
employing organic solvents. The Z-1 site was located In a saddle between two
adjacent hills overlooking the Depot from the northeast.

Site preparation at Site Z-1 involved the following steps:

1. A gravel site access road was built to accomodate the truck
traffic. This road extended around the site and bounded the
Inside of Trench 7 (the furthest from the comand area and
the first trench to be excavated).

2. A berm approximately two feet high was constructed around the
periphery of the entire site to contain any contaminated
runoff from the site.

3. A drum staging zone consisting of a berm and sectional areas
was built to accommodate any Intact drums which required
sampling and special disposal.

4. A holding basin capable of containing over 100,000 gallons of
liquid was built to serve as a repository for all soeamil-
nation wash waters, contaminated runoff and laboratory wash
water.

6. Erosion control measures such as hey bales, swles sd berms
were constructed and placed to direct rain water and runoff
awy from the site In a controlled memer.

G. An automatic scale for luing the trucks was Installed in
concrete beds Ina the roie d area.

7. All on-site wiring, plumbing, and carpentry was completed to
allow the semi-permanent installation of a labor y
trailer, a supply trailer, a decontamination trailer, a
comand trailer, and a decentooinatio washdm pad.
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Excavation of the buried wastes and the contaminated soil partitions betwen
the trenches was accomplished using a Caterpillar 246 backhoe. The
excavation was initiated at Trench 7 and proceeded sequentially across the
site to Trench 1.

As the excavation progressed, the access road was reestablished using fresh
gravel. Figure 4 depicts the truck routing at Size Z-1. The sam general
operating sequence used at Site Z-2 was used at Site Z-1 and proceeded as
follows:

1. Trucks were staged In cleared fields several hundred yards
from the ite. Safety chains were attached and tightened,
tarps were placed in their cradles, and the trucks were given
a safety inspection by the driver.

2. Using CS radios, the drivers were instructed to proceed to the
truck preparation area. Two technicians and the visqewen
IIner rack were stationed on a scaffold. The scaffold
eliminated unnecessary climing on the trucks end expedited
truck preparation. The trucks were positioned beside the
scaffold and the technicians lined and fastened the visquee
to the inside of the dump body.

3. The truck proceeded to the loading zone. Each truck was
positioned to permit loading by the backhoe from the rear.
Due to the backhoe's increased accuracy in placing material,
deflector boards were not necessary to protect the truck
wheels from contamination. On the few occasions when ver wet
material was encountered during the excavation, the tires were
covered with visqueen to prevent spillage from the bucket
contacting the wheels.

4. Subsequent to loading, the Uvcks proceeded to the tarping
area. The technicians at the tarping zone were located on
scaffolds which greatly Increased their productivity and
significantly reducd worker fatigue and the hazard of falling
off the trucks.

S. After the trucks were tarped. they were weighe at the scale
and either returned to the loading zone for mere material (or
for the rnmmvaI of mterial ) Or wee relea&sed to proceed to
the disposal site at bielle, Alabama.

SAFETY M AIR NONITORIUS PROORM

An extensive saoet ----r wes designed for Use AIM project. The progrm
was detailed In the Projact Safety Plain which was apprved by 1he Contracting
Officer and sabeequmtly Implameated for the duration of the site activities
at AM. TMe porm Iscluded personnel trainingq s fpoetv
clothing * a respiratory protetion program, a10 eXposr mOnOing popgam
and medical surveillance.
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Personnel training for the AIM project Involved preliminary hazardous waste
training, site specific safety training, first aid instructioa, and daily
safety meetings for all on-site 5erso81e. The training emphasized the
hazards present at the site, as wel 1 as the physical hazards associated with
heav equipment, and construction-related work. The training also stressed
the methods used to minimize these, hazards and emergency procedures to be
followed in the event of a mishap. Safety meetings were held daily prior to
starting wort to discuss relevant evets which occurred the previous day and
to brief the work crew on the intended plan of operation for the day. These
meetings served to emphasize the safety requirements of the project and to
maintain a high level of safety consciousness on the part of the wait crew.

Protective clothing for the work activities was based upon known and
suspected chemical and physical hazards at the site. An Initial hazard
analysis of the site was performed In accordance with the approved Safety
Plan. The OSHA permissible, exposure limits (PELs) and the American
Conference of Governments) Industrial ftienists (AC6IN) threshold limit
valves (TL~s) for the contaminants of concern were utilized in all decision
related to personal safety. Specific action levels were as follows:

0 - 5 ppm above background Level C
5 - 600 ppm above background Level B

500 - 1000 ppm aboe background Level A

The basic safety equimnt included a modified Level C protection which
consisted of Tyvek coveralls; steel-toed, steel-shank PVC werk boots; PVC
heavy-duty gloves; and herd hat with a face shield. The Tyvek garment was
fastened around the outside of the boots with duct tape to pr-event liquids
from entering the boot, During the cold months, a cloth coverall was
occasionally warn over top of the Tyvek garment.

The respiratom protection program Involved several pieces of equipment.
Duigh Iia entry into Sites Z-1 and Z-2 the hazard preseted b
airborne contaminants was unknwn , therefore supplied air was used byal
crew mes. The supplied air system consisted of Self-Contained Breathing

reu (SCBA) and airline respirators connected to large air cylinders.
Teairline respirators were nsed by crew members, such as the truck

preparation technicians, whose duties did not reqIre a great deal of
Mobility.

t The level of air contamination at each site was determined through the data
provided by the Foxbero Niran 00l Infrared Analyzer ad/or the Century
Organic Vapor Analyzer 14VA). Vhen the level of contamination was determind
to be within Oe allowable limits for safe use of carteridge respirators, as
defined In the approved Safe" Plan, the level of protection was d1nrae

eni~~~~~~ haffc orai vao atlderspirators were used. (it hold b
noled that crew smers using ISpled air operated the trucks darinag the
Initial entr phases. Only after televel of protection was downgraded Were
goe regular treck drivers, trained In the use of their respirators, allwd
to *1cc their trucks into the loading zn.
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Air monitoring was conducted continuously at the excavation face of Site Z-1
by the Wiran 801 Infrared Analyzer and In the various work zones to monitor
the air quality. On several occasions during the excavation of Site Z-1
organic concentrations in the air in the Imediate vicinity of the excavation
exceeded the limits specified for Level C protection. At those times It
becm necessary for the site crew to revert to Level S (supplied air)
protection as specified in the approved Safety Plan. The backhoe operator
and the technicians working at the active excavation face were the only
workers who operated in areas where high concentrations of organics occurred
with regularity. The technicians handling the tarping operations cam in
closest contact with the actual waste material and were required to utilize
Level B protection on several occasions. None of the air quality excursions
lasted for more than two hours, after which cartridge respirators were once
again safely used. It is Important to note that the exposure limits
previously described are established for persons without respiratory
protection. Since all of the site workers, at a infEi'wore cartridge
respirators at all times when in the work zones, they were never actually
exposed to these levels.

A personnel monitoring system consisting of absorption media and air sampling
pumps ws utilized as an additional source of Information regarding personnel
exposure to the organic constituents of the waste material at the site. The
absorption media, which consisted of two charcoal tubes in series and an
impinger which contained methanol-sodivm lydroxide solution, as well as the
sampling pumps, were worn by workers In the various activity zones. In
addition, a monitoring station, consisting of the sam media and sling
pmp seu, was established at the active face of the excavation. The
purpose of this apparatus was to collect air smles which wer analyzed at
an Industrial "iene laboratory to calculate time-weighted averages for
personnel exposure.

Prior to working at the AM, each site worker was required to undergo a
camplete physical examination as specified in the approved Safety Plan. The
examination was to establish a baseline medical history prior to work at the
site and to qualify the individual for use of respiratory protection gear.iasults from physical examinations conducted at the completion of the project
indicate that there was no adverse exposure suffered during the course of the
excavation activity.

AMR NMITORIN6 PROIRN

The Initial site hazard asesm nt established airbor conteminants
c-iwsting of OrgIc Compounds as the greatest p"ttl hazard to on-site
persIIel. To ensure precise monitoring of this hurd, an exacting air
mmioterl g prora, was designed and imploIImented at the project site.
In accordne with U.S. Arm specifications for the MAD projoct, a three-vy
air meitering p og was developed. The progrm conisted of:

1. A site perimeter, near-real time air quality monitor.

2. A continuous, so-site, real-time air quality monitor.
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3. A personnel exposure monitoring system which yielded certified

time-weighted averages MTA's) within 24 hours.

In order to satisfy these "eqireets, a variety of Instraumets and sampling
techniques were utilized.

The requirement for a site perimeter air monitoring system was met through
the use of a Foxboro Miran 601,* a vser-programnable, multi-station Infrared
analyzer. The purpose of this requirement was to smitor any migration of
organic vapors from the work site which might be occurring as a result of the
field activities.

Twelve stations were located around the periphery of Site Z-1, each 30
apart (from a center point). Each of these stations consisted of a filtered
hose outlet which was located approximately 3' above ground level and
connected with an uninterrupted length of tubing around the site to the
Infrared analyzer. A separate length of tubing was run from each of the
sampling stations. The stations (and sequence) to be samled were rogrin
into the machine based upon the wind direction (obtained from the on-sit
weather station) and set to begin cyclic samling for aromatic Ikydracar s
resasling benzene, chlorinated hydrocarbons resembling chloroform, and
phenol -like compounds resml ing pure phenol. Thes three compounds were
chose as representative of the organic contaminant families which were
expected to. be found at the site. A vacuum pump pulled representative air
samles through the tubing and into the infrared analysis cell.

Dota resulting from the analyses ware printed on the progrming terminal.
Each sampling required a --- msaly 2.6 minutes; in this manne, a near real
time data output wans achieved. The data output listed station numer time
of analysis, and concenrations of benzene, chloroform, and phenol in the
samled air parcel.

The Mira, 001 was calibrated each day using laboratory standardized gases at
various concentrations. T1he machines underwt a rigid certification
procedure by USA7hMA to verify the quality of the data obtained from It.
The calibration =sde consisted of connecting the, laboratory standard

gase to he iIng stato furthest awMY from the analyzer (Stton 6. 7.
approximately ftnet aq) and comparing the machine print out values
against the knwcnetainof the standard gas.

The resuts from the Niran 801 analyses showd inimal aff-site organic vapor
Migration. On occasion, a station was samled just as a leaded truck was
Teased asda high value was recor-d Alarm levels based an established soft

fet er'e wprored into, the machine whic activatd so adile alaum
Whenever 10a levels twoe exceeded. .his alam souded sevOl times during
the cours of the project. tosoch case the circmstance which actived Use
alarm was of 9short duration.

The results af this air monitoingP pogram Indicated that ther W"as mjinml
It any, exposu of fft-site per-seme reslting from the migration of

oraic vao s I limited escape of c0ncentrated lavels of organic vpr
from goe site can largely be attributed to the relatively law, eolution af
high concentration vows geooe the Work actliit as well as at ilgh
rote at diluftion which resulted frmWthe wind mad aps" aftsp'o to $le ie.
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The second air monitoring instruenot that was used at the site was the
Century Organic Vapor Analyzer (OVA). This instrument is a lightweight,
portable flame ionization detector which was used as a supplement to the
NIrem 601 to provide real-time data on air quality In the various work
zones. The OVA operates by sampling the air continuously via am Internal
battery-veum p. The air sample is routed to a flow Ionization chmer
where it Is mixed with a stream of hydrogen gas and burned. An electrode In

* the flowe ionization chamber detects the amount of 'burning* (or ionization)
occurring and registers this as the amount of total organic vapor In the air
stream. The results are registered on a hand-held meter. Owen the OVA Is

* operated In this fashion, it is termed the Survey Mode and provides an
instantaneous (approximately two-second ISg tine) readout of the apparent air
quality In any given area.

The OVA was used by the Site Safety Officer to measure general air quality at
the "arious work stations on the site. It was used principally at the
excavation face to monitor the instantaneous release of rjics, as the
buried wastes ware uncovered. The measurements were used by ~rite Safetyv
Officer as supplemental information to the W~an 601 data to ensure personnel
protection on the site. The OVA was also used during the initial entry
operations to augment the NIran 601 data to assist In the decision logic of
whether air quality met the OSHA limits.

The~~~~~~~~~~~~ ~ ~ ~ ~ ~ ~ OV aIsdb h ie aeyOfcrt sis na pt sesn

the mature of the chemical hazards encountered at the site. This mode of
operation Is termed the Gas Chromatography (BC) mode which utilizes standard
gas chromatography packed columns and allows the user to Inject unknown gas
samples Into the OVA and obtain a printed chromatogran which Is then compared
to the chromatograms of known gas standards.

It should be noted that use of the OVA was not a contract reqirement and
that One methodology utilized was not USATHMA certified. However In
cir cmstane where both modes of analysis were utilized, the data obtained
fro the OVA was In gen-I substantiated by the Hiram 601. IM eInstrument
provided timely informatio which aided In the field decision processs

The third component of the air moeitoring prDa tNV( was the personnel
motoring system briefly described eIer Btasically, this system

cnisted of a hish-flow end low-flow air somlim pop which Pulled air
threo two separate capture oe. The twmedZ a were: I ) ba carbon
absorption tubes placed In series fto capture the volatile orgauics ad t) a

metone-so IV* byoIds solution 'in an impinger to captre the phenl
vaors. This setp was worm bW site personniel at each woyk ome for the

pmo of mauitering a tmweighted. esPesur to the measued constitent.
The medla was Placed is the worke breathing zone. In addition, a permmat
moitoring setup Was Placed Is the backhse and at the excavation face to

nmesr "h Mau of ceteDW nsW at those, to location. Ie SMWIng
media war sent by ba In a loed box to fnvironmenmtal Health abraftlres a
cortified indostrial bygieme laboratory located In Nwcom boGia a
analysis each dsy. The resuts ware then sent back to te site iaftir
Officer to augment the Safety Plan and for fture reference, In MMTO's,
Corporate safty Progam.
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CLOSURE

In order to complete closure of the two excavitlion sites at the Anuiston Anw
Depot, it was necessary to implemen t a sampling and analytical plan to
determin the concentrations of specific roil Iu~ otmnnt ites
subsequent to excavation operations. The level s~of residual contamination
indicated whether further excavation was warranted *r whether closure could
be implemented. The original Closure Plan, as speci~iod by the Request for
Proposal, required that the entire site be excavated to two feet below the
apparent bottom of the trenches and allowed to remin exposed to the
atmosphere for a minimum of 30 days in order to allow residual organics to
vol atiI Ize. After this period, representative soil samples were to be
obtained and analyzed for specific contaminants via USATIWGA certified
methodology to establish the effectiveness of the excavation process.

As a result of discussions with the Alabama Department of Environmental
Naneammnt, USATHANA and the Project Officer for the Corps of Engineers,
WESTON was allowed to implement a phased closure of the site. In this
approach soil samles were obtained from the trenches which hod been
previousiy excavated and closure procedures were approved based on the
results of the analysis of these soil samples. In this manner, specific
treisches were being subjected to closure operations while additional trenches
were being excavated. These procedures allowed optimal use of on-site
personnel and equipment. Phased closure of the trenches also minimized the
area of excavation which was subjected to the high intensity rainfall that
occurred during the majority of the excavation activities, thus minimizing
the quantity of contaminated stonewater which required treatment prior to
disposal.

Individual closure plans, including the soil analyses of the specific tec
areas involved, were submitted to State personnel for written approval ior
to initiation of actual closur procedures. WESTON's authorization to
initiate individual closure activities was received from the COE sit
representative onl-y after written approval of such activities had been\,
received from thieState of Alabama Departwet of Environmental ~Nagement.

4 The USATNISA certified soil analysis program indicated that, in general, soil
contaminant levels fell below the anlyical detection limits and therfore
most areas of the trench bottom on Site Z-1 required no further excovatiem.
Isolated areas in Trenches 4 and I demonstrated elevated organic
concentrations. Soil from those areas Indicating a poteatially_ high leve of
centamisation was scraped via bulldozer and emved with a backhoe to a level
of agpoxialy t feet below existing or&& to remwv residual

c nation. Post-excavation readingawiths the OVA were ce mard with that
of backgreond reedi upIn the Ocleon trnch areas. Wen these reeags

thee lee= consistent with background, the trench area was
fopons . State ad COE wri tten ap 10a the trece

W"r Close. Isolated sell smles were obtained r " 'he hot spotsf
lemediately after the scraping oeration and submtted ale., with the mles
otaind prior to scraping. These mles verified Uhe OVA results.
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During the excavation/closure proceedins. containation was prevented from

migrating from working areas into previously excavated areas by means of
berms and visqugen cover. As an additional measure to ensure removal of any
potential contamination, the bottom of each completed trench was scraped
prior to harrowing.

After all trenches were excavated, the exposed soil was harrowed to a depth
of approximately six inches to permit volatilization of any remaining
contamination. After an exposure period of at least two weeks, the soil was
covered with a visqueen seal until closure was completed.

0O40BILIZATION AND SITE RECLMATION

After completion of the trench excavation, removal of all other potentially
contaminated soils and receipt of appropriate approvals, the work site was
deob1ilized and the reclametion program was Instituted. The objectives of
this phase were to clean and remove work equipment and restore the disposal
site for any future use.

All equipment employed within the original zone of contamination (the "hot
zone") was decontaminated and removed from the site. Decontamination
activities were performed on the existing decontamination pad. All visible
contamination was removed by application of high-pressure water. The surface
was then rinsed with an appropriate decontamination solution as defined in
the Technical Plan. After all contaminated site equipment was cleaned, the
decontamination pad was washed down.

All potentially contaminated materials within the 'hot zone" were removed
prior to demobilization. ftterials within the holding pond were solidified
and the contaminated pond sediment was excavated for disposal. The gravel
road leading to the decontamination pad was excavated for disposal. Any
remaining miscellaneous materials which could have been potentially
contaminated were removed for proper disposal.

Water from decontamination activities was collected in the existing decon-
tamination sump and transported to the Depot wastewater treatent facility.

Sludges remaining in the amp were removed for disposal by the vacuum truck.
The pad was bulldozed and loaded onto trucks for disposal at the Depot refuse
disposal facility.

** The four operations trailers adjacent to the excavation were dismantled and
removed to the truck staging area. Upon completion of all site activities,
they were ultimately removed from the Depot. The command trailer remained In
place until the conclusion of all site activities, including reclamation.

After all contaminated materials were removed and trailers were relocated to
the staging area, reclamation of the site was initiated. Reclamation
consisted of construction of a compacted cover over the original trenches,
topographic modification and revegetation.
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borrow mterial for reclamation was obtained from areas adJacent to the
site. The hill south of the site contributed most of the borrow materials.
Minor amounts of fill were obtained from areas north of the excavated area.

Naterials from the borrow area were removed in a manner which preveted the
destruction of existing monitoring wells. Excavation in the vicinity of the
wells allowed an undisturbed area to be left around the wells to prevent
damage by heavy equipment. The remaining soil surrounding the wells was
removed by hand to a level equivalent to the constructed grade elevation.

Top soil for final covering of the reclaimed area was scraped from the hill
south of the site and stockpiled for later use. Underlying soil from the
hill was then excavated for use as fill.

Movement of borrow materials to the excavated areas was 4ccomplished by means
of two pans. Prior to initiation of the filling operations, the temporary
gravel road north of the site was scraped and the gravel was removed to a
storage area for later use. The original road was regraveled subsequent to
the completion of the finished grading.

As the borrow materials were emplaced into the trench, they were cmpacted
with a sheepsfoot roller. The roller was utilized continuously as materials
were delivered to the site to provide compaction of all disturbed soils.
These compacted clay soils provided a relatively impermeable cap for the
excavated site.

Naterials were deposited so as to achieve a Onaturalized topography. The
excavated area was backfilled to form a gentle slope (less than 20:1). The
steeper slope will conform more closely to existing natural topography. The
overall effect of the grading was to achieve a shallow westeard slope with
Ipproxlmetely prallel contours which steepen slightly on its western edge to
peuit good drainage over the site Into a natural drainsge way.

After the final contours were roughly graded, top soil was spread across the
site. Top soil obtained from adjacent areas was emplaced uncompcted, across
the original site.

After the topsoil was mplaced, the are was fertilized with 00 pounds per
acre of 13-13-13 fertilizer and agricultural lime was added at 4400 nounds
per acre. A seed mixture of 30 percent Kentucky 31 Tall Fescue and 70
percent Nlled Bermuda was applied at 60 pounds per acre. The seeded am
was then mlched with one and one half tons per acre of strw or hay mulch
applied simultaneously with the grass seed.

- -
- . ----.. 4. -,



AA

-*'e ?' I-f M " I

o INCINERATION Of EXPLOSIVES CONTAMINATED SOILS

by

John W. Noland, P.R.
Senior Project Engineer

Roy F. Weston, Inc.
Weston Wayt

West Chester, Pennsylvania 19360
215-692-3030

and

Wayne E. Sink
Project Officer

COR
U BATH AMA

Attn: DRXTH-TZ-D
Aberdeen Proving Ground

Edgewood Area, Maryland 21010
301-671-2054

Presented at the
American Defense Preparedness Association
13th Annual avironmental Systems Symposium

Bethesda, Maryland
20-22 March 1964

117

---. . ........



INCINERATION OP EXPLOSIVES
CONTAMINATED SOILS

by

John W. Noland, P.R.
Senior Project Engineer
Roy P. Weston, Inc.

and
Wayne 3. Sisk
Project Officer

USATHANA

INTRODUCTION

The U.S. Army Toxic and Hazardous Materials Agency (USATHAMA),
located in the Rdgewood area of Aberdeen Proving Ground, Mary-
land has dual Army responsibility for lethal chemical demili-
tarization and installation restoration. It also serves as the
lead agency within the U.S. Army Materiel Development and Read-
iness Command (DARCON) for pollution abatement and environmen-
tal control technology development.

In this role, USATHAMA routinely conducts generic research and
development (RD) studies with wide application to current U.S.
Army environmental problems. The incineration of explosives con-

*taminated soils (IECS) project is an example of one of the many
successful R&D efforts USATEAMA has conducted throughout the
years.

' BACKGROUND

Large quantities of wastewater are generated during the manu-
facturing of explosives and propellents the loading, assembly,
and packing of munitionsl as well as demilitarization and wash-

A i~out operations. These wastewaters (referred to as "red water"
or *pink water' due to their characteristic color) contain var-
ying concentrations of explosives. Standard practice in the past
has been to dispose of these wastewaters in settling lagoons at
various U.S. Army installations. Although current practice pro-
vides for in-plant treatment of these wasteowtars, the inactive
settling lagoons at numerous U.S. Army installations are a
source of potential groundwater contamination.

1-4007-4590A



USATHA4A is currently evaluating a number of potential remedial
action options for future implementation. One option has emerged
as the most promising in the near term (i.e., for installations
requiring remedial action within the next five years). This op-
tion is excavation of the soils, followed by thermal processing
in a rotary kiln incinerator. The U.S. Army routinely inciner-
ates pure explosives and propellants; however, previous to this
project this technology was undemonstrated on explosives con-
taminated soils.

PROJECT OBJECTIVES

-JThe objectives of the Incineration of explosives Contaminated
Soils (IRCS) project were as follows:

(a The primary objective of these tests was to demonstrate
the effectiveness of incineration as a decontamination
method for explosives contaminated soils.

* * The secondary objectives of the project was to:

- Develop a data base and appropriate correlations
for designing and predicting the performance of
the incinerator as a decontamination method)

- Determine the fate of the explosives and metals
in the contaminated soils during/after incinera-
tion;

Measure pollutant levels in the stack gas to de-
termine the air pollution control devices that
would be required for incinerators that may be
used in the future to incinerate explosives con-
taminated soils

PROJECT DESCRIPTION

In August 1982, USATHAMA commissioned Roy F. weston, Inc.
(WESTON) to develop and implement a program to demonstrate the
effectiveness of rotary kiln incineration in decontaminating
explosives contaminated soils. This program consisted of seven
tasks:

" Task I - Incineration Equipment/Test Site Selection.
" Task 2 - Soil characterisation/Reactivity Testing.
" Task 3 - Development of Detailed Test Plan/Safety Plan.
" Task 4 - Environmental Permitting.
* Task S - Evaluation of Materials Handling Procedures.
* Task 6 - Incineration Testing.
* Task 7 - Evaluation of Results.

1-4007-4590A
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The IICS Project Schedule is presented in Figure 1. The follow-
ing subsections summarize the results of the previously men-
tioned seven tasks.

INCINERATION EQUIPH3MT/TBST SITS S3LSCTION

* After a comprehensive survey of rotary kiln manufacturers to
determine the availability of appropriately sised test Units,,
ThermAll, Inc. of Peapack, New Jersey was selected as the in-
cinerator subcontractor for the project.. A major innovation of
this project was the decision to use a *transportable* inciner-
ator (i.e., equipment disassembled, loaded on trucks, shipped
to the test site, and reassembled) as opposed to a *mobil*' _n-
cinerator (i.e., truck mounted) or shipment of the contaminated
soils to a commercial facility.

The test site selected was a U.S. Army installation in Illinois
which provided the following advantages:

0 Remote location well isolated from populated areas.
0 Close proximity to contaminated soils.
e well controlled access and security.

SOIL CHARACTBRIZATION/REACTIVITY TESTING

in order to maximize the usefulness of the results of the proj-j ect, USATI(ANA decided to test contaminated lagoon soils from two
separate installations with widely varying characteristics (see
Table 1). The two Installations selected provided ranges of soil

characteristics typical of most other U.S. Army installations.

1-4007-459@A
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Table i

Characteristics of 3xplosives Contaminated Soils

Description Soil Type OAO Soil Type *B'

Soil Matrix Sand Clay

Moisture Content 12 - 264 25 - 304

Ash Content 44 - 834 54 - 66%
(as received)

Explosives Content1

(dry basis)

-TNT 9- 414 5 - 144

- ROX <0.02% 3 - 104

- HNX Not Detected 0.6 - 1.44

- Other <0.03 <0.06%

- Total Explosives 9 - 41% 10 - 22%

Heating Value 50 - 2,400 Btu/lb 600 - 1,200 Btu/lb
(as received)

1See Table 2 for the molecular structures of the explosives.

1-4007-459 A
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The contaminated lagoon soils are hazardous because they exhibit
the characteristic of reactivity (i.e., potential for detonation
or explosion). Testing conducted at Allegany Ballistics Labora-
tory (ABL) in Cumberland, Maryland confirmed that the lagoon
soils are reactive and that special precautions were required in
developing materials handling procedures and equipment design.

DEVELOPNENT OF DETAILED TEST PLAN/SAFBTY PLAN

In order to provide for meaningful evaluation of the incinera-
tion test results, a test plan was developed and certain key
parameters were selected to be controlled and held at various
levels during the testing. These key parameters were:

" Soil feed rate.
e Temperature in the primary combustion chamber.
e Temperature in the secondary combustion chamber.

These key paraneters were selected since they directly relate
to the economics of incineration (i.e., how such can be burned,
now quickly can it be burned, and how such fuel is required?).

Other test variables were held constant to the extent possible.
Test variables that could not be held, constant were measured
during the test as illustrated in the test plan schematic dia-
gram (Figure 2).

From the outset, USATUANA assigned personnel safety the highest
priority for this project. In this regard, a detailed site plan
and safety submission were developed and reviewed and approved
by the Department of Defense Explosives Safety Board.

ENVIROUMUNTAL P 1 WT? N

Recognizing the importance of Federal and state environmental
concerns, the IC8 project was structured to be fully responsive
to the requirements of the Resource Conservation and Recovery
Act (CRA) of 1976 and the Illinois Air Pollution and Rasardous
waste aagemeat Regulations. As shown in the project schedule,
the enviroemental permitting was an extremely rigorous and time-
consuming process.

1-4007-459A
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EVALUATIN O ? MATRIALS HANDLING pROCg|UR|S

The primary objective of this task was to evaluate, design, and
implement materials handling procedures that emphasixed person-
nel and environmental safety. There were four major goals:

9 Minimize personnel contact vith the lagoon soils.

0 Avoid confining the lagoon soils (which could lead to
detonation).

0 Avoid any initiating forces (i.e., friction, heatt,.g
under confinement, etc.).

* Contain any spills and minimize contamination of clean
areas.

The tet plan was developed assuming the use of a screw conveyor
to feed the contaminated soils into the incinerator. Hovever,
subsequent soil reactivity testing at ABL led to cancellation of
the screw conveyor due to safety considerations. A soils han-
dling protocol and a bucket feed system was designed specifical-
ly for this test program which met all of the test objectives
and safety requirements. During the course of the test program,
the feed system cycled over 4,000 times without a single fail-
ure. The bucket feed system is illustrated in Figure 3.

INCINERATION TESTING

The incineration testing commenced on 19 September 1963. Nine-
teen daily tests were completed in 20 consecutive calendar days
with no time lost due either to incineration or sampling equip-
ment failure. Table 3 provides a sumary of the test conditions
for each of the 19 runs. Since explosive contaminated soils had
never been incinerated before, a preliminary test run (Test Run
No. 1) was conducted at the proposed maximum feed rate ($00
pounds per hour) and proposed minimum primary kiln temperature
(80001P) to see if explosives breakthrough would occur in the
stick gas. No explosives were detected In the stack gas# how-
ever, explosives were detected in the kiln ashp fabrtic filter
ash, &nd in the flue gas entering the secondary chamber. There-
fore, subsequent test runs were conducted at lower feed rates
and higher primary kiln temperatures to ensure that explosives
would not be emitted to the environment.

i 1-4007-4590A
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After the formal testing was completed on 8 October 1983, an
additional 25,000 pounds of lagoon soils were incinerated from
10 to 15 October 1963 (64 actual hours of incinerating soils).
The objectives of burning the additional lagoon soils were two-
fold:

0 Thermally treat all lagoon soils that had been exca-
vated but not required during the formal testing.

& Determine the operational characteristics of the in-
cinerator system under a long-term, steady-state pro-
duction mode of operation.

RESULTS

The ISCS test project was extremely successful as demonstrated
by the following results:

e Xt was demonstrated that a "transportable" incineration
system could be disassembled, transported approximate-
ly 1,000 miles, be reassembled, and fully operational
within two weeks.

e Nineteen days of formal testing were completed within
20 consecutive calendar days with no lost time due to
equipment failure.

I An additional six days of operation were performed at
steady-state conditions with no downtime due to equip-
ment failure or malfunction.

a An explosives destruction efficiency of greater than
99.99 percent in the primary kiln ash.

0 An explosives destruction efficiency of greater than
99.9999+ percent in the fabric filter ash.

0 No detectable explosives in the stack gas. Therefore,
an overall destruction and removal efficiency (DRE) of
100 percent.

* Stack emissions were in compliance with all Federal and
state regulations including:

- Sulfur dioxide (502).
- Hydrogen chloride (ECl).
- Oxides of nitrogen (POX).
- Carbon monoxide (CO).
- Particulate$.

1-4007-4590A
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0 Ash residues are not hazardous due to the characteris-
tic of Sp toxicity or any other criteria, and applica-
tiun has been made to the Illinois EPA to land apply
the ash residues in an area adjacent to the incinera-
tion test site.

IJ

1-4007-4SOA

130



POLYMZIC LIM SSLUCT IO
FOR MILITARY ASTS IPO)UM 3DWTS

CL Jonathan W. Braswell, Gregory M. Gibbons, Timothy G. Shea, Ph.D.
Rngineering-Science

10521 Rosehaven Street
Fairfax, Virginia 22030

(703) 591-7575

INYTROOUCT ION

The use of polymeric membrane liners to line or cap waste impound-

ments is receiving increasing attention. The liners are essentially

impermeable to water and thus are assumed to be capable of providing

complete containment of the waste fluids, however, while polymeric

membrane liners have been used successfully for many years in water

impoundments, little experience is presently available for the use of

these liners with wastes. Of particular concern is the effect of the

contained waste on the physical properties of the liner material - the

compatibility of the liner with the waste. Moreover, the compatibility

testing performed to date has utilized methodologies unique to each

investigation, and published results tend to be general and inconclu-

sive.

-Until the last decade, lagooiing was the accepted method of

disposal of wastewaters from the mnufacture of munitions. As a result,

explosive compounds such as TNT and RDX are found in many of the lagoons

that have been used by the Army for this purpose. Because these

compounds have been defined as hasardous under WCRA, it say be necessary

to remove, transport or dispose of the lagoon sediments or the residuals

from the treatment of these sedimets from many of the lagoons.

It was assumed that synthetic liners would be used in many of those

clonn-up operations, but synthetic membrane lners may or my not be

Sonpatible with the chemical compoundes found in these sedimnts, Based

on exLsting competibility data, there is reason to believe that s ovents

suh as WN would be deleterious to the servtoe Life of ocimsroaialy

avoilable synthetic mbrane liners. The available information m do

4t
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'compatibility of synthetic liners with the exploeives such as TOT and

RDX is limited and contradictory.

The described work was performed for the United States Army Toxic

and Hazardous Materials Agency as part of their Zn-Situ Treatment

Technology Program. -This work was dons to provide initial polymeric

liner compatibility data for selected explosives and solvents, in order

to determine the applicability of polymeric liners for the cleanup and

restorati n of impoundments containing wastes from the manufac tire of

explosives.

NANUFACTURI OF POLDMRIC LINRS

The synthetic liner industry has a distinct three-step hierarchy,

and a knowledge of the organization and flow of goods in the industry is

necessary for the selection of candidate liners for compatibility

testing. The three levels in the industry ares

1. Manufacture of resins,

2. Manufacture of roll goods; and

3. Fabrication of sheets.

A single company may perform nore than one of thwee functions. Soe

roll good producers also fabricate sheeting or manufacture their own

resin. Zn general, however, the manufacturing process follow the above

Synthetic liners are classified by the base polymer. In blends or

alloys the man polymer is used for olassification. Due to the specific

foumlation produced by eah manufacturer, the properties of one

manufacturer's resin may differ from the saw type of resin produced by

another manufacturer. SsL manufacturers produ the raw materials

(polymers) that forn the base of the msebrane* To the basic polymer

(e.g., polyvinyl chloride or chlorinated polyothylane), the resin

mamfaturers add ompoena ingreieets specific to their formulatio.

CsqprdILg ingredients LIelmde plastioiers, orosellInkng (vauaniming)



chemicals , carbon black, pigments, fillers, blocides and antidegradents.

The resin is sold to a roll good producer or used internally.

Roll good manufacturers us*e the resin to produce rolls of liner

material. The roll good manufacturer will add to the resin additional

compounding ingredients specific to his formulation and then form this

mixture into rolls of material. The material is either extruded or

calendered (rolled) into panels four to six feet wide and of varying

length. Roll goods (liners) are produced either with or without rein-

forcing. Unreinforced (unsupported) liners are calendered or extruded

in varying thicknesses. Typical thicknesses for most commrcial liners

are 15, 30 and 45 ails. Thicker liners are made by plying sheets of

material. Reinforced (supported) liners can only be made by calen-

dering. A fabric (weave) is sandwiched between two layers of the

membrane material. The normal thickness for a reinforced liner is 36

Each manufacturer of roll goods adds compounding inqretents for

their specific formulations therefore, the characteristics of liners in

the same class may vary from one manufacturer to another. Additionally,

4 the compatibility of different manufacturers' products may differ with a

given chemical, temperature and exposure environment.

The final step in construction of most membrane liners is the

fabrication of large sheets of material. A sheet fabricator seams rolls

of liner material into large panels, often 70 to 100 feet wide and of

P varying length.* The length is dependent on maximum total weight allowed
for transport and for ease of installation. The panels are made as

* large as practical, utilizing as many factory seam and as few field

seam as possible. Minimizing the number of field seame both facill-

tates installation, and factory seams are preferable to field seeams

becase they are mde under controlled conditions and thus are of better

qualty.

For high density polyethylene (IDP3), there is no production of

roll goods and subsequent factory seaming to fabricate sheets. s
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sheets are extruded directly at widths of 22-1/2 and 34 ftet without

sea . These shets are then seamed in the fiele during installation.

The seams in a liner often are the weakest point. $eaming toch-

niqes vary with liner material, fabricator and installer preference. A

brief definition of the five comonly used seaming techniques follows:

o Thermal Weld - the proces of joining thermoplastic sheets by

the heating of areas in contact with each other to the tempera-

ture at vhich fusion occurs. The process is usually aided by a

controlled pressure.

o Dielectric Veld - a heat weld vhere the heating is Induced

within sheets by means of radio frequency waves.

o Nxtrusion Weld - a heat weld where molten ea rane material is

injected into the seam. xtrusion welds are used with NOIE

liners.

o Solvent Wold - the process of joining sheets by applying a

solution of the liner compound emulsified in a solvent to area

in contact with each other. The solvent evaporates leaving a

homogenous weld of the liner material, usually aided by

controlled pressure.

o Adhesions - the process of joining sheots using specifically

:. formulated flues to torm a bond or seal, usually aided by

.co-rolled pressure.

L mes ar classified by the main polymer atilsed in their forma-

lotion. Table I is a doseription of the 10 liner types 1meraially

available today and Isolude the abbreviation used fo each. These

lners are typ. clly used for 1.n. pondO and lagoons (eoept for
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polypropylene). Theb copoi tion and relative advantages and disadvan-
tages for each type of limit are also summarized in 'Table 1.

Table 2 is a listing of the roll good producers (and resin mn-
facturers) by type of liner.* There are three main producers of roll
goods for PVC. PVC-CS "yIaon and CP~S Minline; tantasotat and 3.?.
Goodrich. Two resin manufacturers supply all the raw materials for

Hypalon and CMt Dow MR)i and duPont (Mypelon will be made under a
duPont patent until 1985). Ethylene interpolymer alloy (Z1-5) in

produced by only one firm, Shelter-Rite. * R-5 is a patented formulation
of Shelter-Rite that reportedly has enhanced chemical resistance
properties, *lMi is the only rubber Uner material currently produced
by sre than oae roll good manufacturers namely, S.F. Goodrich and
Carlisle.* Rubber liner materials have been replaced in general usage by

the more resistant plastic formulations. A single producer of poly-
propylene is includeds C eneral Tire using Hlercules resin. * olmpo-
pylon* is currently in the developmental stage for use in lining
lagoons. It in widely us"d in tank lining because of its chemical01
resistance propertiesl however, it is not a feasible alternative for
linn lagoons today.

EXISTING COMPTIBILITY DRTA

Manufacturers are the primary source of liner -ompatibility data.
Data is developed through manufacturers' specific testing, thus there is
little agreement on mcompatibility rating" criteria And ratings are
of ten unsubtantiated with hard data. As detailed later in this paper,
a standard, accepted test procedure has not been used in developing

compatibility data, thus it to difficult to comare manufacturers' data

bases.

General product material compatibility with specific compounds is
useful in preliminary selection of liners for known wastes (with

chemical breekdown of cons ti tuents). the Plastics Technical rvaluatiun
Center (PIANWU) of the U.S. AM Armet Research and Development
Comand (AARADM) loaeted at Pica tinny Arsenal in Dover, Now .brsy has
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TADLZ 2

LIMU 'YPU AND NJOR NMIUFACWURUS

ROLL GOO
TYPE PRODUCU RRSIN

S. F. Goodrich a. I. Goodrich

PVC Mainline B. F. Goodrich
Pantaeote Pantamote

S. F. Goodrich 3. P. Goodrich
PVC-O minline D. F. Goodrich

Pantamote Pantamote

Sterens 4uPont.
iypalon Pantasote duPont
(CSPZ) D. F. Goodrich 4uPont

Mainline OW
CPZ Pmlntjots Dow

. F. Goodrich DoW

mlZ Schlese Schlegel
Gundle Phillips

Ethylene Shelter-Rite Hooker, Ferro
interpolymer
alloy

XPON Car lisle Proprietary
*S. F. Goodrich

mutyl Carlisle Proprietary

weopes" Carlisle duPont

Polypropylee General Tire Herculee

SOo s Telephme natervieve and product brochures

139



f I eli "lifta

done extensive work In omapiling compatiblity dat for polymr* wit
er as. * Information has been gathered from reports and orgmxd

'no a compur dat base cll'rd OMMI. Ney words are mod to retrieve

the reults of pert.inent sudies fo a polymer maeorial comiation.

Table 3 is a summary of th relts~~ of a coteII~r data bas earch
perfor by PIA'TDC for polymer cm tblity with TI, TNT and RDX.

Reslt* of elach stu~ldy arel Listed by PLUMTI as being either ompip bLl,

warqinally compatble, or Inc m mg -ble. Ther ere s~ o dat for TCll
coneatebility eiwh he candidate aner yp t and data for o T and wiX

eere licted to fPoC, tIaon, De, gt ad Neoprene. Nyanlon and IND

tere nuted of pmtible for t r a tpe ahterirl omiflncatin

cemptbolre y results foro reprcop for TIT with I , I and and

Neoplof each std ere ne yere notl as csatibl for op, w le t.

reults wbre oflcing for te a and d datt faDX.

ae e lmtd a polyeric I ner has been properly ns alled, a failure

of the noer ca cmult fror loe of Lner nteie y doe o lircing

or incompatibility eof te e rer ite ce mcl coponents of a Na .
The sorene. ai an appropriate lner mte acerefore focus on he degree

fo thich the candidate liner ccar o linein ts integrty over the

projected life of the containment facility. Because liner performance

data are Ulited, selections should be based in part on the results of

exposure testing that simulates projected conditions.

An expoeure test should be designed ideally as an accurate muodel of

the intended application. The test should yield sufficient data that

the results can be projected over the anticipated life of the facility,

and the results should be useful for prediction of actual field perfor-

m e. afortulately, because of the large number of variables that can

affect lner Integrity and the limited field data available oan lner

performance, no such liner expoesre test has been developed. As a

result,, It is necessary to etilise a test prooedur that best reflects a
projected eore condition and lomgterm Iner perfoemse. Moreover,

140



TABLE 3

FLASTVC COMPATIBILITY IDATA SZARCH RZSULTS

LD Chemical
TYPE WCE TNT RDE

PVC No data Conflicting data Conflicting data

PV-RNo data No data No data

C No data No data No data

Hypalon Wo data Compatible No data

HDPZ so data Compatible Conflicting data

ZR-s no data So data go data

WION so data Conflicting data Compatible

9.Neoprene No data conflicting data Compatible

SOlaE PLASTU, 4A Compatibility Data Search, Plastic Materials vs.
Diretic.O, 3 June 19S2, AP.RACON, Picatinny Arsenal
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the test procedure should be based upon accepted methods and have

sufficient definition and control of test variables for reproducibiity

of results and comparison with results from other tests.

Liner Uposure Methods

Xanor compatLbility testing procedures focus on the method used to

expose the liner samples to the test vaste. Standard prooedures for

exposing liner samples to test wastes have only recently been developed.

As a result, a wide variety of exposure methods and test variables are

still being used. A majority of the liner exposure methods that have

boon used are adaptations of the American Society for Testing and

Materials (ASMN) Method 0-471 (Rubber Property Wffct of Liquids), and

M Nsethod D-543 (Asistance of Plastics to Cemical Reagents). Thee

I.nmrsion tests, which are suamarised in Table 4, have been used for

both initial and long-term evaluation of liner compatibility.

Zn this type of test, specimens of a liner aro immered in the test

vate and, after given exposure time, the liner specimens are removed

and the changes in weight, dimensions and tensile properties are deter-

mined. Most immersion tests use the iamo imrsion procedurei however#

the test temperature, duration and evaluation criteria differ.

Most imrsion tests are run at both ambient (23PC) and elevated

temperatures. The elevated temperature ts intended to simulate adverse

conditions and to accelerate any deleterious effects that the waste may

have on the liner. Unfortunately there Is no ooncensus as to what this

elevated temperature should be. As a result, elevated test temperatures

used vary from SO°C to O0°oC for the identified tests. The AMIN methods
recomend exposure of materials at higher tepertures if elevmted

temperatures are expected in service.

tch Immersion test uses a different test duration. The exposure

period for long-term tests tends to vary from one to four monthsa

however, exposure periods of one year or longer have bee used. In 1all

cases lUer specimem. are tested several time during the test so that
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3terefet ofange vnaeit. ond heUnr can bhe trinensl propctieso

after a il alen lowth ofatieo prxmtl 0-ac naayi

proere (assuin not itenlcrites o vlaitt results hv tbiie)

e inpe whdieionet supplero tcestcomaiublterii of nte xor me thans

have been developed and used in attempts to more closely simulate actual
field conditions.* These additional tests are listed in Table 4 and can

be characterized as landfill simulation, weathering and permeability

tests.

Landfill simulators permit the liner to be exposed to a stratified

or solid waste and to a hydraulic head. Landfill simulators have been

used for long-term, research-oriented studies of one year to thre

years. B y their nature, landfill simulators do not permit temperature

to be controlled and Intermediate assessments of replicate system are
expensive.

Weatherinq tests are used to address what combined effect a waste
and climatic variations has on a Liner. One supplier use* a heat lamp
onalbrtr cl osmlt heefc fwsesrtfcto n

onalbrtrAcaet iuaete feto et srtfcto n
ultra-fiolet light an a liner. On a larger scals outdoor waste tanks

and an exposure period of four years have been used to evaluate
weathering effects, and MI? Laboratories has developed a patented,

AIM-approved, accelerated weathering test (which does not include

exposure to waste).

The only ammbane lioer weste permeability test reported in the
literature wee a pouch test. to this test, waste wae sealed in a egucem
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made of a liner specimen and the pouch was immrsed in da-ionixed water.

The flows of Ions and water across the liner were then monitored.

TEST METHOD EVALUATION

Liner Exposure

Of the identified liner/waste exposure methods, only Immersion

tests and landfill simulator teste have been used extensively. Although

weathering can have a significant effect on the long-term liner

integrity, its impact is highly site-specific and difficult to simulate.

Only the 063T Laboratories test is a fully documented and AT-approved

procedure for measuring the effect of weathering, but it in only

applicable to the simulation of weather effects and cannot be used to

measure waste effects. Because of the inherent impermeability of

polymeric liners, permeability Is not considered to be a meaningful

evaluation criteria (WS). Additionally, no direct permeability test

procedure is available. There are insufficient data on the pouch test

to define what is measured by this procedure or its significance. Iavn

though landfill simulators are designed so that leachate can be

collected, permeability data from landfill simulators have yet to be

published.

Imersion Taste

Immersion testing is the only widely-used procedure for determining

the compatibility of polymeric liners with a test waste solution. This

procedure evolved from standard ATN test procedures for determining the

compatibility of plastics and rubber with chemicals. A standard test

protocol for liner compatibility with wastes has been recently proposed

by the Or. In addition to wide acceptance, the key advantages of

Imrsion tests are the ability to fully define test parameters, lnited

exposure time and conclusive results. The key disadvantages are that

field coditions cannot be fully simulated and solid or seni-sold

wates are diffi lt to test.
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ftcaus. liner samples are exposed by immersing thou in a test

solution containing the waste, the areas equipment and waste quantity

needed for immersion tests are small. heA a result, it is feasible to

expose multiple samples of a liner to a large number of variables such

as was te concentration, eosure time, was te temperature and sea type.

Although exposure times of up to one year have been used for

immersion tests, periods of one to four months are commonly used because

any loss in liner integrity resulting from chemical reaction generally

occurs within a short exposure time. Based on the compatibility data

published by ~oa.the lose of integrity typically occurs within a

month with concentrated chemicals. Additionally, accelerated exposure

testing by increasing the temperature of the waste in used in both the

initial ASTH procedures and in the proposed NIP test protoco.

tomsrsion tests, although widely used, do not simulate actual field

conditions. In particular, the interface between the waste and

atmosphere cannot be duplicated and the effect of waste concentration

gradients on the liner cannot be investigated. As a result, some

concern has been raised as to the degree that imrs ion test results can

be projected to actual use.* A second key disadvantage of immersion

testing is the difficulty of using solid or semi-solid waste. Proce-

dures for conducting immersion tests with solids or semi-solids have not

been standardized, and it is unclear how wall the test procedure can be

adapted to solids.

Loandfill Simulator Tests

ladilsmlto tests are used to simulate more closely actual

effect of a waste on a Liner. To date only a limited number of landfill

simulator tests have been performed and a standardised or widely

accepted landfill simulator procedure has not been developed, Thue key

advantages of landf ill simalator tests are the ospabLiles to simulate

more closely field conditions and to use waste in a solid or semi-solid

state. Theb disadvantages are that these units lack flexibility, are
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expensive and the validity of the results has not been demonstrated.

Unlike immersion tests where the liner specimens are simply

suspended in a test waste solution, the liner specimen serves as the

base of a simulated landfill in a landfill simulator. ?actors such as

exposure of the liner to a waste concentration gradient, a hydraulic

head, and single side exposure can, be simulated. It is assumed that

such test results will more accurately reflect the interactions between

the waste and the Liner that occur in actual use and, thus, result in

better predictions of long-term liner performance.

Because landfill simulators are constructed as tanks or columns

with the liner specimen located at the base, the liner can be exposed to

a solid waste without any special modification of the test procedure.

Thus, test results from solids exposure should be comparable directly to

liquid exposure results.

Although landfill simulators may better simulate actual field

conditions, the volumes of material and waste required are large. Thus,

fewer data points can be obtained and test variables are more difficult

to control. Because each liner specimen must be installed in an indi-

vidual test cell, a large number of test cell.- and large volumes of

waste are required for a large scale test. As a result, fewer duplicate

samples can be run and fever variables investigated. Because only one

side of the liner is exposed to the waste, longer exposure periods are

required. In previous tests, exposure periods have been one year or

greater. As a result, much less test data can be obtained within a

given tise and budget.

Of greater concern is the significance of the test results.

Landfill simulators are still only an approximate model of actual

service conditions. No standardised procedure has been developed and,

until more field data are available, it will not be known how well

landfill simulators actually reflect field conditions. Additionally,

because of their size and long exposure times, it Is difficult to
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Sclosely control individual test variables during the test and, as
Indicaed, fewer samples and variables an be run.

2XPnZ== WIT TE SF ZT PROTOCOL

The proposed SF Test Protocol was selected for the liner

compatibility testing with explosives and oolvwntsl. The 8 P test has

been propoeed by the National Sanitation Foundation Joint Commttee in

their Draft Final Standards for Flexible Membrane Liners. The committee

is composed of representatives of manufacturers, regulatory agencies,

and users of liners. The standards represent a compilation of the viem

and ideas of many of the leading authorities on liners.

Immersion tests are the most widely used exposure method for liner

compatibility studies and the only exposure method for which there is a

standard procedure based on AM test methods. Imersion tests permit a

large number of data points to be compiled, require a lmited exposure

period and permLt close control over test conditions. The major draw-
back of immersion tests for the planned testing is the lack of past

experience with the use of solid waste rather than a liquid waster

however, It would appear that immersion testing with solid waste would

be feasible.

The proposed NSF liner comptibbLity test procedure was straight-

forvard and no major problems were encountered during the testing

period. The procedure permitted the screening of over 100 combinations

of liners and test environments with good reproducibility of to t

results. Specific observations on the procedures used are presented
.below. The physical setup usd to imer*e the liner sample worked well

pd presented few problems. The imrsion jars were easy to handle and

allowed easy removal &nd replacement of tet samples.

The precise parameter used was weight changer however, it was

mat pOssible to obtain the precision implied in the alp procedure for
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all liner/hemical combination*. The SW7 proedure doe not state a

Wighinq precision but it doe @pecify the we of a balance with a 1-m

precision. The liner samples imrod in moter saturated M would lose

weight while on the balance pen thm it wse not possible to obtain a

steady weight to the third decimal point. This effect was also noted

(to a much lesser degree) with the other samples.

Because of the changing weight, any variation in the time delay

between drying and weighing would cause inconsistent weight readings.

The WSF method calls for immediate weight readinq because of this

condition, and a standard procedure (as standard as possible) was used.

Nonetheles because it is impossible to reproduce exactly the drying-

weighing procedure each time, the meight@ my deviate because of pro-

oedure as oppoeed to chemical effect. Ien with the preceding con-

sLderations, the relative Impact of weight changes during msure nt

m not significant.

Volume measurement was less precise than weight measurement because

the method of measurement was not wholly satisfactory. The US? proposed

procedure specifies a dimensional measurement accuracy of 0.001 Inches

using a micrometer. A micrometer (caliper) is not suited for measure-

ment of flexible material, especially to an accuracy of 0.001 inches.

To measure length and width, the sampioe were held flat and every effort

was made to not squsese (and thu flex) he material; however, it was

impossible to completely avoid fleing the Liner ample. Also, the

potential for flexinq the samples increased after they softened in the

water-saturated TCR solution. A second possible measurement error with

the micrometer was not having it aligned perpendicular to the sample,

thus altering the measurement.

LIISR Co"PATZZLITY

A projection of the potential compatibility of the five liner

groups (PFC, CP/Sype lon, XR-S. p and BM /Nsopeeme) based on

previously ditcussed results is preen~ted below. Tbe values are an

assessmnt of he effect of the test checals an each liner based on
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the results of the soree mg test. & raing of me is used to indioate

minimal effect and a rating of five to Indioate failre of the Uno.

UPD appears to be potentially oompatLble with YIW and DX, and my

be compatible with TC. The other four liner groupe also appear to be

potentially compatible with IW and EDXa however, all four groups were

found to be incompatible with TCI.

gImAR OF Ts INITIAL SCRRZU G TUT MULMS

Imlative Uffect of Test Chemical

LUner Group CM W RDZ

4 3 3

CV2/ tllo In 5 3 2

XR-S 5 2 2

HIPi 3 1 1

M/Neopree 4 2 2

1 slatIve effects are ranked from I (minimal) to S (failure).
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STABILIZATION OF CONTAMINATED SOILS BY IN SITU VITRIFICATION*

C. L. Timermn
Pactftc Northwest Laboratory*

P.O. Box 999
Richland, WA 99352

509-376-4658

ABSTRACT

*In Situ Vitrification is an emerging technology developed by Pacific
Northwest Laboratory for potential tn-place immobilization of radioactive
wastes. The contaminated soil is stabilized and converted to an inert glass

Sform. This conversion is accomplished by inserting electrodes in the soil and
establishing an electric current between the electrodes. The electrical energy
causes a Joule heating effect that mlts the soil during processing. Any
contaminants released from the mlt are collected and routed to an off-gas
treatment system. A stable and durable glass block is produced which cheit-
cally and physically encapsulates any residual waste components.

In situ vitrification has been developed for the potential application to
radioactive wastes, specifically, contaminated soil sites; however, it could
ossibly be applied to hazardous chemical and buried mnitions waste sites
he technology has been developed and demonstrated to date through a seri of

21 engineering-scale tests [producing 50-1000 kg (100 to 2000 lb)block#fand
seven pilot-scale tests (producing 9000 kg (20,000 lb) blocks], the most recent
of which illustrated treatment of actual radioactively contaminated soil.
Testing with some organic materials has shown relatively complete thermal
destruction and incineration. Further experiments have documented the insen-
sitivity of in situ vitrification to soil characteristics such as fusion tem-
perature, specific heat, thermal conductivity, electrical resistivity, and
moisture content. Soil inclusions such as metals, cements, ceramics, and
combustibles normally present only minor process limitations.

• Costs for hMzardous waste applications are estimated to be less than

S1?5fm/ (S5.00fil) of material vitrified. For many applications, in situ
vitrification €an provide a cost-effective alternative to other disposal
opt ionsN

INTRODUCTION

In situ vitrification (ISV) is the conversion of contaminated soil into a
durable glass and crystalline waste form through melting by Joule heting. The

* Work perfomed under U.S, Departmset of Energy Contract OK-ACO-?0LO 1830.
Operated for the U.S. epartmt of Energy by Battelle eimorial Isrtitute.
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technology for in situ vitrification of contaminated soil is based upon elec-
tric molter technology developed at the Pacific Northwest Laboratory (PNL) for
the imobilization of high-level nuclear waste. In situ vitrification was
Initially tested by researchers at PNL In August 1980 (U.S. Patent 4.376.598.
Srouns et a. 1983). Since then ISV has grown from a concept to an emerging
technology through a series of 21 engineering-scale (laboratory) tests and 7
pilot-scale (field) tests. The program has been sponsored by the U.S. Depatt-
sent of Energy's (DOE) Richland Operations Office for application to the
Hanford Site.

The ISV development program utilizes three sizes of vitrification system.
The distinguishing characteristics of each system are power level, electrode
spacing, and mass of block produced, as shown below:

System Piwr Electrode Spacing Block Mass

Engineering 30 kW 30 cm 50-1000 kg

Pilot SO0 kW 1.2 m 10 t

Large 3750 kW Sm 350 t

The most recent pilot-scale test, completed in June 1983, vitrified a
makeup site in which 25 kg of soil containing 600 nCi/g trnsuranic (TRU) waste
simulated a radioactive ar1eA (or "hot spot"). The made-up source also con-
tained mixed fission products with a total activity of 30,000 nCi/g, which
exhibited a surface exposure rate of 100 R/h before they were emplaced in the
test site. Test results showed that during vitrification the material was dis-
tributed fairly uniformly within an 8 t block. No radionuclides were released
to the environment during the vitrification process.

With the successful completion of the radioactive test, the focus of the
program has been directed to the design and testing of a large-scale system.
This system is expected to be fabricated and acceptance-tested by early
FY 19S.

Major advantages of in situ vitrification as a means of stabilizing
contaminated soils are:

e safety in term of minimizing worker and public exposure
* long term durability of the waste form
. cost effectiveness
e applicability to a wide variety of soils.

This paper describes the status of the ISV technology development program.

PROCESS OESCRIPTION

In situ vitrification is a process for stabilizing and Immbilizing con-
teminated soil. To begin the process, which is shown in Figure 1, graphite
electres ore inserted vertically In the ground In a square array. Graphite
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Figure 1. In situ vitrification process sequence.

Is placed on the surface of the soil between the electrodes to form a conduc-
tive path. An electrical current is passed between the electrodes, creating
temperatures high enough to malt the soil. The molten zone grows downward,
encompassing the contaminated soil and producing a vitreous mss. Convective
currents within the melt distribute the contaminants uniformly throughout the
molten mass. During the process, off gas emitted from the molten mass is
collected in a hood over the area and routed via piping to a treatment system,
which scrubs and filters hazardous components. This hood, which operates under
a vacuum, also provides support for the electrodes.

The principle of operation Is joule heating, which occurs when an electri-
cal current passes through the molten media. As this molten mass grows, rests-
tance decreases. To maintain the power level high enough to continue melting,
the current must be increased. This is accomplished by a transformer equipped
with multiple voltage taps. The multiple taps allow more efficient use of the

4 power system by maintaining the power factor (the relationship between current
and voltage) near maximum. As heat losses from the melt approach the energy
deliverable to the molten soil from the power supply, a melt depth limitation
is reached, When power to the system is turned off, the molten volume begins
to cool. The product is a block of glassy material resembling natural

.obsidian. Any subsidence can be covered with uncontaminated backfill to the
original grade level.

A more detailed description follows, outlining the power system design and
the off-gas treatment system.

Power System DOesIn

The power system design is similar for all three scales of the ISV pro-
gram. A transformer connection converts three-phase alternating current elec-
trical power to two single-phase loads. The single-phase loads are connected
to two of the diagonally opposing electrodes, which are arranged In a square
pattern. This electrical arrangemnt creates a balanced electrical load on the
secondary. The even distribution of current within the molten soil results in
a vitreous zone almost cubic In shape, mintimizig overlap among adjacent

IS4
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settings. Multiple voltage taps and a balanced load allow a near constant

power operation, which shortens run time and thus reduces costs.

Off-Gas Treatment System

The off-gas containment and electrode support hood collects off gas, pro-
vides a chamber for combustion of any released pyrolyzed organics, and supports
the four electrodes embedded in the soil. Much of the heat generated during
the ISV process is released to the off-gas stream. The heat is removed in the
off-gas treatment system, so that the temperature of the gas which exits after
treatment approaches ambient.

The major types of treatment for the off-gas system include quenching,
scrubbing, condensing, and filtering (see Figure 2). First the gas stream is
cooled and scrubbed in two stages, using a quencher and a tandem-nozzle
scrubber. The scrubber removes particles larger than 0.5 M. The scrub
solution in the saturated gas stream is removed by a vane separator followed by
a condenser and another vane separator. To prevent any remaining moisture
leaving the second-stage vane separator from condensing on the high efficiency
particulate air (HEPA) filters, the off gas is heated to insure that the
unsaturated gas stream is at a temperature above the dewpoint, Following the
two stages of HEPA filtration, the off gas is discharged to the atmosphere
through an induced-draft blower, Off-gas treatment for the pilot-scale
radioactive test system is similar to that of the large-scale system* Both
systems are trailer mounted and therefore mobile.

PERFORMANCE ANALYSIS

Performance of the ISV equipment and process and the quality of the waste
form are discussed in this section. The power system has proven to be reliable
and performs as designed. Startup and normal operation have been conducted
with no signs of unstable behavior such as arcing, hot spots, or significant
Imbalance of the power load. The off-gas containment hood, developed for the
pilot-scale system, has maintained negative pressure over the vitrification
zone to prevent radionuclide losses outside the hood. The hood design
incorporates a skirting of high-temperature resistant cloth which improves the
seal around the edge. The off-gas system also performed very well. The system
effectively contained off gases and removed all radioactive species during the
radioactive field test.

Retention of elements within the vitrification zone has been high during
pilot-scale tests. For example, retention of all radionuclides in the block
during the radioactive test exceeded 99, Retention during large-scale ISV
operations is predicted to equal or exceed the pilot-scale performance because
the contaminants will normally be buried deeper, thus retaining even more
radionuclides in the block. The retention values are based on the release of
contaminants to the off gas and a confirmation analysis of the block. From
these data, decontamination factors (OFs) were calculated. The higher the
decontamination factor (the mass of an element In the soil divided by the mass

iss
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released to the off-gas treatment system), the larger the amount retained in
the vitrified block. Based on results from the pilot-scale system, soil-to-
off-gas Ors for less volatile elements such as Pu, Sr, and U are expected to be
103 to 10" (99.9 to 99.99% retained). More volatile elements such as Cs and Sb
should have DFs of 102 or greater (99% retained). Highly volatile heavy metals
(Cd, Te, Zn, and Pb) should have OFs around 101 (90% retained). These values
will vary depending on waste burial depth, the presence of a cold cap or
resolidifled surface glass, and the presence of gas generators within the melt
zone. Element retention increases with burial depth, decreases with the
presence of gas generators, and Increases slightly with the presence of a cold
cap. Decontamination factors for the off-gas treatment system (hood to stack)
are as follows: for the semivolatiles and heavy metals (Cs, Cd, Pb, etc), 10",
and for the less volatile nuclides (Sr and Pu), 105, Therefore, the overall
process (soil-to-stack) DFs are 106 for the semivolatiles and 108 to 109 for
less volatile materials. For particulates the Fs are about 1011.

The ability of the waste form to retain the encapsulated or incorporated
contaminants Is of prime importance in determining the applicability of the ISV
process. Vitrified soil blocks were analyzed to determine their chemical dura-
bility with a series of tests including 24 hour soxhlet leach tests. The bulk
soxhlet leach rate for the product was less than 1 x 10Sg/cm 2/day, an accept-
able value. These rates were comparable to those of PyrexG or granite, and
much less than those of marble or bottle glass, as shown in Figure 3.

A 28 day Materials Characterization Center test (MCC-1) (Materials Charac-
terization Center 1981) was also conducted on a contaminated soil sample that
was vitrified in the laboratory at 1600*C. The overall leach rate of the
vitrified soil was comparable to the 76-68 glass (a reference high level waste
glass) and other TRU waste forms (Ross et al. 1982).

Another indication of the durability of the ISV waste form is found in a
study of the weathering of obsidian, a glasslike material physically and chem-
ically similar to the ISV waste form (Ewing and Hoaker 1979). In the natural
environment, obsidian has a hydration rate constant of I to 20 PM2 per 1000
years (Laursen and Lanford 1978). A value of 10 pM2 per 1000 years, assuming a
linear hydration rate, yields a conservative estimate of a I me hydrated depth
for the ISV waste form over a 10,000 year time span. Since hydration Is the
initial mechanism of weathering, the ISV block is expected to maintain Its
integrity at least through this 10.000 year time period.

I Another important factor to consider In the waste form evaluation is the
migration of the radionuclides once they are a part of the molten waste form.
In the pilot-scale field tests, the radionuclides and heavy motals did not move
beyond the vitrified block. Furthermore, analysis of the blocks from the tests
revealed that the retained contaminants did not concentrate In the block, but
Instead were uniformly distributed, Indicating extensive convective mixing
during operation.

0 Pyrex Is a registered trademark of Corning Iless Works, Coring, w York.
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Figure 3, Leach resistance comparison of selected materials.

PROCESS PARAMETERS

PN. studied the effects of soil properties such as chemical composition,
thermal conductivity, fusion temperature, specific heat, electrical conduc-
tivity, viscosity, and bulk density on nine soils from waste sites across the
U.S. None of the variations in properties among the soils significantly
impacted ISV operation, While soil moisture does affect the ISV process by
increasing the power requirements and run time, it is not a barrier to its use
(excluding aquifer sites with highly permeable soils). Sol] moisture Is an
economic penalty, not a process Impediment.

A mathematical model was devised to predict the behavior of the ISV system
for waste sites with differing geomtries and to assist in scale-u~ to the

14 on process performance of changes in soil properties, power system capability,
ano waste site geometry were evaluated using the modte Information produced
included energ consumption, mass vitrified. operating time, malt depth, and
wilt width for various ISV configurations, The mode was also used to deter-
mine the effect of soil moisture on the ISV process. To assess the effective-
ness of the model as a predictive tool , mofel predictions were compared to
results from the pilot-scale field tests* The predicted and actual values were
very close, with usually less than 10% variance.
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The effects on the ISV process of buried metals, cements, ceramics, com-
bustibles, sealed containers, and explosives have been analyzed (Ow et al,
1983). Criticality limitations were also addressed. Both mathematical
modeling and engineering-scale testing predict that the effects of metal
inclusions will be insignificant unless a full short circuit is approached.
During testing, the metal limit was not reached; however, a metal inclusion,
accounting for 5% of the final block weight and occupying 70% of the distance
between electrodes, was successfully vitrified.

In situ vitrification of soils containing concrete or pure cement inclu-
sions decreases electrical conductivity of the melt zone and adds water vapor
to the off-gas system. The flexibility designed into the large-scale power
system compensates for any conductivity change resulting from vitrification of
concrete or cement. With a design capacity of 104 std m3 imin, the large-scale
off-gas system will handle water vapor and air inleakage generated during
vitrification of pure cement. Nonmetallic ceramic materials that do not
completely melt or dissolve during vitrification are effectively encapsulated
by the glass and do not present a problem.

Buried combustible wastes pyrolyze, move to the melt surface, and burn
during the ISV process. This increases both gas volume and heat load to the
off-g-s system. The large-scale off-gas system capacity will allow vitrifica-
tion of a variety of waste configurations. Calculations show that combustible
packages up to 0.9 m3 and void volumes up to 4.3 m3 can be processed without
loss of hood vacuum. If combustibles are distributed relatively evenly
throughout the soil, the off-gas system is capable of handling gases from soil
containing 3200 kg of combustibles per meter of depth. This capacity includes
air added to the hood to maintain 20% excess combustion air and assumes that
the peak combustion rate is twice the average. Sealed containers can rapidly
release gas during processing. Future study will include collection of con-
firmative empirical data related to sealed container releases; however, the
maximu postulated gas release is expected to be within the capacity of the
large-scale off-gas system.

Soil containing up to 25 wt% TNT and/or ROX can be incinerated safely as
long as the mixture is not contained (Klrshenbaum 1982). Although soils of
this nature are not present at Hanford, explosive wastes have been disposed in
soil at other sites, which may consider ISV as a stabilization option.

The potential for criticality due to the presence of fissionable materials
has been addressed. The ISV system can effectively process soils containing a
Pu areal limit of less than 1 kg Pu per square meter. Sites containing Pu
levels approaching or surpassing this point should consider exhumation andrecovery treatment prior to ISV as a stabilization option.
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ECONOMIC ANALYSIS

The cost of using ISV as an in-place stabilization technique was estimated
for radioactively contaminated soils.

The components that contribute to the basic cost of ISV are site prepa-
ration activities, annual equipment charges, operational costs such as labor,
and consumable supplies such as electricity and electrodes. Employing the
large-scale system, five different configurations for TRU contaminated soil
sites were evaluated using the four basic cost-contributing categories. The
results are provided in Table 1.

When using the cost figures in Table 1, it is recommended that ranges be
employed for making cost estimates. For example, to estimate the cost of
selectively vitrifying portions (a volume of 2900 M3) of a waste site at
Hantford, as shown in Figure 4, the lower boundary of the range should be case 3
(local power, above average manpower, average heat losses): $138/ 3, for a
total cost of 2900 M3 x $138/m 3. or $400,200 or $400 K. The upper boundary of
the range should be a combination of cases 1, 2, and 3 (local power, above
average manpower, and high heat losses), which calculates to be 2900 M3 x
$138/n3 x [ratio of heat loss effects: 142 (case 1)/116 (case 2)] - $489,900,
or $490 K.

TABLE 1. COST ESTIMATES FOR FIVE ISV LARGE-SCALE CONFIGURATIONS

Total Cost
of Soil

Manpower Vitrified
Number Site Power Heat Loss Level 1982 S/ml

1 Hanford Local High Average 142
2 Hanford Local Average Average 116
3 Hanford Local Average Above Avg. 138
4 Generic Local Average Average 135
5 Generic Portable Average Average 179

i'
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ASSESSMENT OF WASTE SITE APPLICATIONS

Preliminary studies (Kennedy et al. 1982; Doe et al. 1983) indicate that a
combination of selective vitrification and appropriately scaled barriers may be
the most cost effective In-place stabilization technique for those Hanford TRU
sites requiring remedial action. This approach is consistent with the findings
of the National Academy of Sciences (National Academy of Sciences 1978), which
stated that-retrieval of buried TRU waste for disposal in a geologic repository
could be more hazardous then disposing the waste in place. This approach is
also recognized in the Long-Range Master Plan for Defense Transuranic Waste
Management (US. Department of Energy 1983), which states that "deep geologic
disposal may not be the most economical means of safe disposal for all TRU
wastes." DOE Order S820.1 (U.S. Department of Energy 1982) allows field
organizations to establish new or alternative TRU waste management practices.
In situ vitrification is one of the engineered permanent disposal alternatives
being examined to meet these needs.

Application of ISV to hazardous chemical waste sites requires further
evaluation and testing to determine the thermal effects of ISV processing on
typical chemicals. In situ vitrification has been shown to be effective on
heavy metal contaminants and some organic constituents (tributylphosphate and
dichlorobenzene); however, additional testing and investigation could insure a
beneficial application of ISV to a variety of waste sites.
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= u APPLYING AN INNOVATIVE APPROACH TO FIELD INVESTIGATIONS
AT A REMEDIAL ACTION SITE

Michael V. Cola and Michael H. Corbin
1

i.h INTRODUCTION

Typical field investigation programs have utilized soil borings and
groundwater monitoring Ie 1s to characterize contamination at
hazardous waste sites. -vlis paper describes an approach that can be
applied at a hazardous waste site where known groundwater
contamination exists and remedial action is necessary to mitigate the
environmental concerns. The sampling program is conducted to locate,
as accurately as possible, the position, extent and depth of
contaminant source areas, and to identify the potential contaminants
present as well as the potential extent of contaminant migration in
the soil and groundwater. These sampling procedures utilize the

i maximum number of backhoe trench excavations (to locate the apparent
boundary of contaminant source areas and obtain composite soil samples
along a prescribed coordinate grid system) and field-implemented
analytical techniques (to screen soil samples and eliminate those of
little or no contamination). Laboratory analytical procedures are
used to characterize the waste constituents found in the source areas
and contaminated soils, and to provide the necessary level of quality
assurance. In all, the sampling program described herein maximizes
the use of field-implemented analytical techniques which reduces the
overall cost of laboratory analytical procedures

To perform a field investigations program which &escribes potential
contaminant source areas, the following general sampling methodologyi should be Incorporatods

a. Establish a coordinate grid system over the entire area
of potential concern. A 50-foot center grid system

Jshould be established over the areas identified as
probable source areas, and a 100-foot center system
should be satisfactory over the remaining areas.

b. Perform a topographic survey over the site area to
accurately locate the position and elevations of roads,
buildings, and site features. Establish elevation
control based upon USG datum, and tie the topographic
survey into the established grid system to produce a
topographic map for the areas of concern.

Nichael Cola is an Associate Project Engineer with Roy F. Weston,
lea.
Michael Corbin is Section Loader of the solid and nazardous Waste
Nanagement Group at Roy V. Weston, Inc.
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c. Conduct a program of surface and subsurface waste,
groundwater and soil investigations to assess the potential
contaminant sources in the identified areas. The program of
visual observations, soil trench excavations, waste borings,
soil borings, field analytical sampling, and laboratory
analytical sampling is discussed in the following paragraphs.

TOPOGRAPHIC SURVEY

The initial phase of the sampling program should consist of the
establishment of a coordinate grid system and the performance of a
topographic survey over the contaminant areas of concern. The intent
is to establish location and elevation control at the site, which aids
in conducting the sampling activities. The following activities would
be incorporated into the topographic survey phase:

a. A survey crew or a subcontractor would lay out the
coordinate grid system and perform the topographic
survey.

b. Grid points would be staked with lath (or equivalent)
and labeled with north/south and east/west coordinates
for identification.

c. State Planar System (or equivalent) coordinates would be
used as the basis for this grid system. The surveyor
would be responsible for identifying the grid points and
tying the detailed grid system into these points.

d. A topographic survey would be performed over the
designated areas to locate the elevations and locations
of the following. A 2-foot elevation contour interval
should be used.

e Any railroad tracks
e Site access roads (paved and gravel)
e Site boundaries
o Vence locations
• natural drainage ditches and drainage pipes
e Site utility lines (water and power lines)
• Site features

e. Elevation control would be established based upon the
nearest USGS datum or existing bench marks and establish
any additional bench marks as necessary to complete site
work activities.

f. All surveying instruments would be calibrated in
accordance with state regulations prior to the start of
work. All stadia distance measurements should be
accurate to within 0.01 foot per 100-foot length, and
all elevation measurements should be accurate to within
0.1 foot.
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SITS 0BILIZATION/PRZ-SAIIPLING ACTIVITIB

Pre-sample activities refer to the site mobilization operations which
are carried out in support of the field sampling efforts at a
hazardous waste site. In many ways the pro-sample activities are
critical to the optimum functioning of the field investigations
program. The following operations should be accomplished as part of
the site mobilization/pre-sampling activities:

a. Develop the Sampling Plan which outlines the number and

locations of sampling points. This would describe the
facilities required at the site, the level of personnel
safety required, the types and number of sample
containers and the daily operation of sampling
activities.

b. Arrange for the procurement of the following sitework
requirements (in the office prior to initiating any
aitework activities)

a Security measures (guards & security fences as
necessary)

a Command trailer equipped with the necessary
amenities to support field work

* Phone service
e Electric tie-in or portable electric generator
o Potable water source (if necessary)
e Portable chemical equipment
o Air monitoring equipment
o Decontamination area for personnel decon procedures

c. Delineate the OClean Areas" at the site where the
command trailer and decontamination facility are to be
placed. Set up the boundary fence (or roped off area)
between the sitevork and clean areas, and tie in the
necessary utilities to the command trailer.

SAMPLING OF CONTAMI NAN? SOURCE AREAS

The field sampling program should incorporate backhoe excavations and
auger-drilled soil and waste borings. These general field approaches
would satisfy the overall sampling objectives of locating and
evaluating the potential contaminant source areas. During the
sampling operations at a potential hazardous waste site, samples of
waste, soil and groundwater (if appropriate) should be collected. The
following sampling types are discussed herein (the listing order does
.not represent any reference to chronologic order)t

a. Soil trenching samples. Composite grab samples from the
trenohi e peratiom s should be collectod from the
excavates soil piles.
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b. Vaste corings. Composite core samples should be
collected from the waste material along the waste boring
profile.

c. Sol corings. Core samples of the soil should be
collected from the soil borings at designated depths
along the profile in contaminated and presumed
uncontaminated areas.

d. Groundwater samples. Samples of the subsurface
groundwater should be collected within the well point
monitoring locations if these samples help to
characterize the contaminant source areas.

Soil Trenching Operations

The use of soil trench excavations is becoming an established field
sampling method to verify the locations of the disposal areas and to
identify any additional areas of soil contamination. Ustablished
backhoe and trenching techniques can be used to excavate the sampling
pits through the soil layers adjacent to the disposal areas and along
the established grid system. If at all possible, excavation through
the waste material itself should be avoided. A mobile sample port of
a field-operated organic vapor analyser can be utilized to Osniff% the
surface of the excavated trenches to establish variation in the
concentrations of organic compounds. This data can be utilized to
indicate the location of the concentrated waste materials. Once the
disposal area or waste material is encountered, the trench excavation
should be terminated, since the contaminated boundary would be
located.

A commercially available, non-tracked backhoe capable of excavating
soil to depths up to 20 fet should be used during the trenching
operations to locate the boundaries of contaminant source areas. Once
the locations of the soil trenches are identified,the backhoe would
excavate soil to accomplish two distinct sampling objectives. These
include:

a. Trench along a prescribed path to locate the boundaries
of the potential contaminant source areas. These
trenching operations should begin approximately 50 feet
from the waste area and roced within uncontaminated
soils toward the waste p les. Some of these trenches
(at field-determined locations) can be continued through
the waste disposal areas to help identify waste profiles
and boundaries.

167

- m d.



. .. - .. .! = i

"- S . ....-- ii --

b. Trench shallow sampling pits at the designated iO0-foot
center grid points along the coordinate system to
identify anygross contamination within the soils beyond
the Identified areas of concern. These trench pits can
be used to eliminate the placement of shallow borings at
a reduced overall cost.

Continuous air monitoring would be conducted at the trench paths and
shallow trench pits using either the Hiran Infrared Analyzer
(Niran/lR? or a portable organic vapor analyzer (OVA) , )it. Personnel
safety precautions would be taken to protect sampling personnel from
the potentially hazardous vapors that may be generated during
trenching excavations. The backhoe operator and sampling personnel
would be equipped with air purifying cartridge respirators to be used
if the air monitoring results indicate a potential concern. Detailed
personnel safety precautions should be outlined in a Safety Plan for
any sitework activities.

?renching operations may be conducted within the waste piles or vithin
highly contaminated sails. Oce the waste disposal area is
encountered by the trench paths, or if analytical sareening results
indicate organic concentrations in excess of background levels within
the shallow trench pits, the trenching operations would be ended.
Also, trenching operations would be curtailed if groundwater within
the site soils is a prohibitive concern. Uxcavatione should be made
down to a depth of between 5-10 foot within the trench paths and
shallow trench pits. 2xcavations my be mo deeper along the trench
paths, adjacent to a disposal area, if location of the disposal trench
bottom is required. The trench path excavations should not be used
exclusively to map the disposal trench bottom, since soil borings will
provide this data. Backfill of the trenches should be performed
imediately folloving smpling at a particular location, and
compaction of the trenches should be performed in layers to the
maximum achievable degree using the backhoe.

Figure I illustrates a typical sampling approach from backhoe trench
excavations. All soil samples collected from the trenching operations4 should be representative composite samples. No sampling would be
performed from within the trench or pit itself, instead compoit
samples would be collected from the excavated soil pile adjacent to
the trench. At no time should any sampling personnel be permitted to
enter any excavated trench or pit area. Samples should be collected
in the following manners

a. From the trenches, a sample should be collected
approximately every 10 feet until the contaminated vaste
disposal area is encountered. Within the shallow trench
pit, one discrete sample would be collected. (Werover
possible, shallow trench pits would be excavated
following completion of other soil and waste sampling
activities.)
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b. Excavations at the sampling location should be made down
to a depth of 5 feet. The specific backhoe bucket load
for the sample should not be dumped on the ground. A
hand auger (cylindrical bucket-type) would be used to
collect one composite sample from three representative
locations from within the interior of the bucket load.
These samples would be field analyzed/screened using the
Niran/IR unit.

c. Additional samples may be placed in glass jars with
self-sealing screw-type lids, labeled, and temporarily
stored in individual compartments of sectioned cardboard
boxes.

d. If the waste pile is encountered by the trench, or if
trench air monitoring or the field analytical results
indicate high concentrations of target contaminants
above background levels, duplicate samples of the soil
may be sent to the laboratory for analysis. If these
samples are sent, the protocols for hazardous waste
sample packaging and shipment would be followed.

Soil and Waste Borina Operations

The results of the soil trenching operations would identify the
lateral extent or boundaries of site contamination at each of the
potential source areas of concern. A detailed soil boring program
would then be initiated within and adjacent to the Identified
contaminated areas. Those soil and waste borings would be used to
describe soil types and the extent of contamination within the soil
profile with depth. Nollow stemmed augers would be used to drill the
soil and waste borings down to the depth of, but not extending into,
bedrock at the prescribed locations. The truck-mounted drilling

jt equipment would incorporate G-inch 1b augers, so that the well point
screens and casings can be set inside the hollow stems (if
appropriate). Figure 2 presents a sketch of a typical sample
collection approach for soil and waste borings.

During the process of drilling the waste and soil borings at the
sites, relatively undisturbed soil samples would be collected with a
standard 2-inch split-spoon sampler. The samples would be collected
continuously through the hollow stem augers as drilling progresses
down to bedrock. All samples should be examined and described by the
Field Geologist in accordance with prescribed standardised protocols.
TV. goologist would describe and classify the samples based upon their
general classification# color, texture, estimated water content, and
depth from land surface. Detailed boring logs would be developed for
each of the waste and soil borings. The descriptive parameters
discussed herein would be included on the boring logs. Depths should
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be recorded for the samples in feet and decimal fractions thereof.
Soil descriptions should be in accordance with the Unified Soil
Classification System (USCS). Soil samples would be fully described
on the log. Th~e data (descriptive parameters) In the sampling log
would Include the following:

a. site Identification and location coordinate (using
alphanumeric boring code and grid system coordinate).

b. Percent recovery (P.R.) of samples.

length of core *analina recovered
P.R. -length of Interval sampled

c. General soil classification (such as Oxandy clay") and
USCS symbol (such as OCLO).

d. Munsell soil color numbers (give both narrative and
numeric color description).

0 . Plasticity.

f. Consistency (for cohesive soils) and density (for non-
cohesive soils).

g.Field moisture.

h. Texture/fabric/bedding.

i. Depositional environment/lithological boundaries.

4 1. Depth of first-encountered water and static elevation
(changes in water level three successive days after
completion).

k. Total interval drilled.

1. if a well point is placed, construction features such asL outing, gravel pack, screen and casing interval,
:ntonite, depths, etc.

a. Tim delays ot problems encountered, including loss of
core, loee of Interval, drilling rig problems* etc.

Representative soil samples from each split-spoon should be placed in
glass jars with self-sealing screw type lids, labeled# and temporarily
st4*ed on-site. Bach sample container would be labeled In accordance
with the prescribed sample packagiag and shipment protocols.
collected samples for analysis would be secured In a sa11l storage
chest following chain-of -custody procedures. The prescribed samples
will either be analyzed on-site or sent to an analytical laboratory.
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Analytical and spatial information resulting from the sampling and
analytical program should be utilized as input to an isopleth analysis
and contour plotting routine (an example is CPS-l). This routine can
compute iso-concentration contours for the target contaminants and
plot ti' isopleths on a map of the study area. Deposits of target
contaminants other than those already identified would be delineated.
If significant new deposits of target contaminants are identified
along the grid pattern beyond the limits of the source areas, these
31cations may be resampled using soil boring techniques described
previously. Isopleth maps such as these can be used to delineate the
contaminant source areas which require remedial action. Excavation
and treatment volumes can be readily calculated and utilized in a
remedial action evaluation.
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TREATM4ENT OF WASTEWATER (RED WATER)
RESULTING FROM TNT PURIFICATION

0 J. CARRAZZA 4 E. PREGUN
O U.S. ARMY ARMAMENT RESEARCH AND DEVELOPMENT CENTER
aDOVER, NJ 07801

AND
C. CHANDLER & W. HELBERT

HERCULES INC., RADFORD ARMY AM4UNITION PLANT
RADFORD, VA 24141

"Red Water is the product which results from the Sellite
process which has been used, since World War I, for the purification
of trinitrotoluene (TNT) in the United States. Sellite (sodium
sulfite) reacts preferentially with the undesirable meta-TNT isomer
in crude TNT to produce water soluble sodium dinitrotoluene
sulfonate. This solution (red water) also contains 2,4,6-TNT plus
various oxidation products and may contain 20-25% solids. In the
past, disposal was accomplished by incineration, leaving a sulfate
ash, or the red water was concentrated and taken by the paper
industry for make-up sodium-sulfur value. Both methods are
considered undesirable for reasons of economics, lack of avail-
ability of landfill sites, pollution abatement, and reliability.

umerous approaches have been investigated to either
concentrate the red water for disposal or recover reusable
products. These approaches included reverse osmosis, acidification,
Tampella Process, Atomics International Aqueous Carbonate Process,
SCA Billerud Process, and the Sonoco Sulfite Recovery Process
(SSRP). An assessment of these techniques based upon level of
TNT production, foreign patent and scale down problems, simplicity
of design, capital and operating cost estimates and other criteria
resulted in selection of the SSRP for further evaluation,

Extensive laboratory and pilot plant studies of process feed-
stock formulations, pellet versus slurry feed, multi-hearth versus
rotary kiln furnace, evaporators, separators, dryers, feedstock
mixers and transport systems were conducted. This resulted in
the development of criteria currently being utilized for

~implementation of a sulfite recovery facility to support TNT
production at Radford Army Ammunition Plant (RAAP). The SRP
process as developed for AP is describeas follows.

Red water (1S% solids) flows from Ttr urification into
storage tanks. The pH is then adjusted to 6.5-7.0 to minimize
foaming during concentration. It is then concentrated to 3S
solids in a multi pi-offects evaporator (MES) and then mixed
with filter cake in the repulper section of a belt filter. The
resultant repulper six is pumped into a hollow shaft evaporator
for further concentration to 68 solids. Finally, recycled
furnace ash and petroleum coke are added to achieve a solids
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concentration of 74%. This thick paste passes into a screw
feeder which inserts it onto the top hearth of the multiple-hearth
furnace (MHF).

The MHF consists of 8 hearths and a rabble shaft assembly for
stirring and advancing the solids to the drop holes leading to the
next hearth below. The RAAP furnace will have 6 hearths devoted
to separating the sodium and sulfur in the red water portion of
the feedstock. These hearths will be operated at 950OC (1750OF)
with a reducing atmosphere. In the MHF sodium combines with
aluminum in the filter cake and forms sodium aluminate (NaAlO 2)
which is retained in the ash. Simultaneously, the sulfur in the
feedstock is converted to sulfur dioxide (SO2) and hydrogen
sulfide (H2S) which exits the furnace in the flue gas stream.
The ash contains sodium sulfide (Na2S), a hazardous impurity,
and it is, therefore, passed downward through the seventh and
eighth hearths where it is oxidized to sodium sulfate (Na2SO4),
a harmless impurity in the finished Sellite solution.

Hot oxidized ash at 8200 C (lSOO0 F), nominal, from the MHF
passes through a cooler and is then ground and mixed with water
to form a slurry used to create sodium sulfite (Na2SO3 ) in the
precipitator.

The flue gas which contains H2S and carbon monoxide (CO) is
passed through an afterburner where both the H2S and CO are
oxidized. The resultant S02 concentration in the flue gas is
6000 ppm. This gas stream passes through a waste-heat recovery
boiler where it is cooled and energy is recovered as steam. The
exiting flue gas is cooled to 740C (1650 F), the optimum
temperature for efficient scrubbing of S02.

S02 is removed from the gas stream in a Schnieble absorber
using Na2S0 solution as the scrubbing medium. The product of
this operat on is sodium bisulfite (NaHSO3 ) solution.

NaHSO3 solution from the absorber is mixed with ash slurry
to produce a slurry of Na2SO3 solution and AI(OH)j precipitate.
This slurry is passed through a solid-bowl centri uge which
separates the sludge from the Na2SO3 solution. Part of this
solution is returned to the absorber where is captures S02 from
the flue gas stream. The balance of the Na2SO3 solution plus the
sludge passes to a belt filter for separation. The cake from the
belt filter returns to the 14F via the repulper mix. The
solution goes into a tank-type clarifier where finely dividei
suspended solids are removed. The clarified Sellite goes to
storage for reuse in TNT purification, where it will be converted
back into red water as it purifies crude TNT to produce alpha-TNT,
the desired product of TNT manufacture.
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__" LOCATION OF VOLATILE BURIED WASTES BY
FIELD PORTABLE INSTRUMENTATION

Dr. Gary L. McKown
Battelle, Project Management Division
Office of Hazardous Waste Management

NHAPO Building, Fourth Floor
C601 Williams Boulevard

Richland, Washington 99352

(509) 943-6922

INTRODUCTION

'ontamination of environmental media by volatile organic chemicals has been
observed at a wide variety of industrial and government facilities. In
particular, volatile halogenated hydrocarbons (VHH) have been shown to pose
problems of such magnitude that special regulatory standards are being
considered for these materials, (EPA, 1982).

A Difficulties are encountered when characterizing a site that involves VHH

contamination. Some of the factors which increase the difficulties are:

&-, There are no standard methods for sampling and analysis for
volatile constituents in soil matrices.

* ,=' There is good evidence that several of the species may be
transformed biologically. (Wood,' I81).

, There is evidence to suggest that the volatile halogenated
species may undergo nonlinear absorption in soil matrices.

"These factors limit the ability to determine source location and strength in
the case of buried, non-containerized wastes. Adequate sampling of the
subsurface waste deposits is both time-consuming and of questionable
validity, and the degradation/retardation complications reduce the appro-
priateness of Pplume-trackingaras a mans for determining source charac-
teristics. This paper describes an approach to the sampling and analysis
problem which was employed in a recent site characterization effort

NI
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An extensive site characterization and groundwater quality assessment,
conducted at a government facility in 1981-82, revealed the presence of
significant groundwater contamination by VHH. Observed groundwater con-
tamination was emanating from at least five distinct sources. Historical
records and past or current operating practices were used to determine
source characteristics for all but one of the probable sources. For the
source area in question, existing records, maps, and aerial photographs
indicated that an area of approximately six acres was used primarily as a
burning ground for trash and wooden debris. Aerial photographs showed the
existence of various pits, ground stains, and lagoons during the period
1957-1969. Any of the photo-interpreted artifacts could be the source of
observed contamination, but most are probably innocuous. The problem is
complicated by the presence of a large warehouse building of recent vintage,
which covers approximately one-half of the study area.

To evaluate the need for and feasibility of remedial actions in the vicinity
of the iource area, it was necessary to estimate the location, size, and
source strength. Because it was considered lI kely that shallow groundwater
discharged into a surface stream inmediately downgradient of the source
(resulting in release of the contaminants to the 4tmosphere), a qualitative
study with I tmited scope was deemed appropriate. The objective of the task,
then, was to determine the approximate location, size, and strength of any
sources in the study area.

APPROACH

The procedure used In this investigation consisted of the following steps:

* Prepare a coarse grid of boreholes across the area.

0 Allow equilibrium to be established within each borehole.

0 Obtain air samples from within the borehole.

SlImediately analyze air samples for total hydrocarbon and total
halogenated hydrocarbon content.

* Based on the results using the coarse grid, install additional
smpling points in selected areas; sample and analyze the
interstitial air as before.

17-1
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Using this procedure, the area can be successively demarcated into zones
based on organic vapor content of the boreholes. Elements of the procedure
are detailed in the following paragraphs.

BOREHOLE GRID

• A grid was established across the area of potential past waste disposal such
that utility lines, a concrete pad, and a recent warehouse building were

* avoided. Nineteen boreholes at nominal 50-ft grid intervals were drilled to
a depth of 10 ft below the surface, using a 4-in. solid stem auger. Cutting
returns from these boreholes were observed for evidence indicating previous
activity. The boreholes were capped with a flat lid and left undisturbed
until measurements could be made. After analysis of samples as described
below, seven additional boreholes were drilled at 25-ft grid intervals
within zones showing high halogen content. Following completion of the
analyses, all boreholes were filled to the surface with a 20:1 cement/
bentonite grout.

SA4PL ING

Samples were collected from the boreholes after a period of about 2 hrs
following drilling to allow equilibration. A sample of the air within each
borehole was collected by inserting a teflon tube to a depth of approxi-
mately 5 ft and using a small battery-powered bellows pump to collect the
sample in a 3 liter mylar air bag. The sample was immediately analyzed at
the nearby instrument station. After analysis, each sample bag was
repeatedly flushed with clean compressed air and evacuated until analysis
indicated minima residual contamination.

* j] ANALYTICAL INSTRUMENTATION

Analysis of the air samples for total volatile hydrocarbon and total
halogenated hydrocarbon content was performed using a detector developed by
Battelle-Institut e.v. in Frankfurt, Germany. The instrument contains a
flame ionization detector (FID) for analysis of hydrocarbons and a
potassim-impregnated platinum detector for analysis of halogen content.
The gaseous sample (or purge from a water sample)is conducted through a
heated entrance port to the detectors, without benefit of chromatographic
colums. Therefore, the response time is short, there are no precise
chromatographic conditions to maintain, and problems with column degrada-
tion or peak tailing are eliminated. An entire analysis requires only about
S min. Use of a sample pump obviates the need for a carrier gas. Location
of the sample pump behind the detectors eliminates potential interactions
between the sample and the pump mechanism.
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The air sample is completely burned within the FI stage, and halogen
content of the combustion products is measured by the platinum detector.
Readout of signals from both detectors was recorded on a dual-channel strip
chart recorder, thus allowing direct comparison of the results. Since the
sample is introduced continuously, signals remain at a constant level after
the detectors equilibrate. The height of the signals correspond to sample
constituency. The instrument is calibrated by introducing air samples
containing known concentrations of hydrocarbons and halogenated hydro-
carbons and measuring the height of the resulting signals. For the present
work, samples containing 50, 100, and 200 ppb of trichloroethylene were used
as calibration standards. Thus, the halogen content is obtained relative to
trichloroethylene, and results are interpreted comparatively.

RESULTS

Analysis of air saples from the boreholes provided the results given in
Table 1. While the instrument readout yields a direct measurement of
concentration, the minimal calibration procedure that was used forces a
semiquantitative interpretation of the data.

TABLE 1. Borehole Analysis Results (L - Low, H - High,
M - Moderate, VL - Very Low or zero, VH - Very High)

Boreholes Boreholes

Coordinates Hydrocarbon Halogen Coordinates Hydrocarbon Halogen

EONO L M ESON200 M VL

EON5O L L E95N-50 L VL

EONIO0 L L EllONO M VL

EONISO VL VL EIOONSO H VL

EON200 VL VL ElOOflOO VL VL

EON-25 H H ElOONi50 M VL

EON-50 L M ElOON200 N VL

(2510 VL H ElSON-O

E26N-25 VL VH EISONO L VH

E(5N-50 L VL E1SON-SO N VH

ESONO N VL E125N-50 N N

ESONSO N VL EI2SN-25 N VII
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High concentrations both of hydrocarbons and chlorinated hydrocarbons were
found at several locations within the study area. The high hydrocarbon
levels were obtained from boreholes drilled below the water treble and which
also returned ashes and other debris indicative ofP trash disposal during the
drilling. These readings are thought to be due to anaerobic decomposition
products, principally methane. At least two of the locations showing high
hydrocarbon content correspond to what appears to be piles of trash in older
aerial photographs.

The boreholes showing high halogen content were concentrated in two zonese
see F igure 1. The zones correspond to a debri s pi le (Zone A in the f igure)
and lower cel I of a two-part lagoon shown in aerial photographs in the 1957-
1969 time period. Other pits and artifacts shown in the photographs do not
appear, from the borehole results, to have been scenes of VHH disposal.

Both zones showing VHH containation are within areas where the drilling
; returns indicate highly permeable sands and gravel, and the water table is
. at the same level as the nearby stream elevation. The original hypothesis

that contaminated groundwater discharges to the surface system thus appears
to be correct.

CONCLUSIONS

The following conclusions were made regarding this work: L

The location, approximte size, and relative strength of waste
sources within the study area were established. Evidence was
obtained for hydrologic interconnection of contaminated ground-
water with surface streams, thus indicating the minimal need for
source control remedial actions.

Comparative results using simple analytical procedures and bore-
hole air sampling was shown to be a fast, effective method for
locating buried sources of volatile halogenated hydrocarbons.
The entire sequence of events as described above, including

o borehole grouting, occurred over a three-day period.
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Te Department of Defense (DOD) Installation Restoration program
(IMP) establishes DOD policy to ideatify and evaluate suspected problems
asociated with pat hasardOs waste contamination. Phase I of the ZPJ
is the initial assessment and records search of sites that potentially
contain hazardous veste. Phase t is the confirmation and quantifice-
tion of potentially hazardous waste site@. Phase III, the technology
base development, and Phase IV, the remedial actions, viii follow the
identification of hasardous veste sites.

Within Phase 11 of the IP, the met important objectives are to
determine If suspected contamination of a site exists, end if it does,
then adequately describe the site geologic conditions and define the
extent of subsurface as well as surface contamination. These two
objectives are accomplished through field investigations of sites.
Thee field investigations should be cost-effective end provide critical
data to advance further investigation activities in a technically sound
manner.

One geophysical method of field investigation is the electrical
resistivity (M) survey. The survey, if effective and properly
applied, can yield data interpretations related to both the site geo-
logic conditions and to the definitions of ground-Ater contamination

this paper discusses the potential utilization of electrical re-
sistivity surveys during Phase H of the IP. Th successful utili-
zation at IM is based on a combination of both technical approach and
knowledge and skill of the user. As examples of up utilization, two
case studies involving XR surveys are described The technical
approaches and lessons learned during these two exa s studies may be
applicable to the Phase 11 site investigations of the IP.

3LUCYUICAL 929SZVIITY

Ilectrical resistivity Is one type of surface geophysical method
which uses the principles of electricity. Ilectric current from a
series of batteries is conducted through two electrodes which are pushed
into the ground. The resulting voltage drop produced by the current is
measured across the other two electrodes which are also pushed into the
ground. The instrument measurement is normally expressed in oia-feet
and is called apparent resistivity. The apparent resistivity is
affected by goologc and ground-water conditions as well as by man-made
oadi ttoe.s
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The criteri for RR utilizatiin can be summarized i four min
items. Thse item, shown in Figure 1, are beat Usage Areas, Limiting
Factors, Advantages and Disadvantages. U can best be utilized In open
fields that have no surface or subsurface contraints. Also, = is
easiest to interpret when the geology in homogeneous. The limiting
factors for ER utilization ar* surface constraints such as asphalt or
concrete and ponded water. Subsurface constraints are pipelines, buried
containers and solidified wastes. Highly variable geology and mineral '

isod ground water such as salt water intrusion near oceans can impede
the proper interpretation of U data.

Electrical resistivity affords the user som essential advantages.
These advantages are the capability to identify vertical as well as
horizontal anomalies in the subsurface. Investigation depths can be as
deep as 1,000 feet, but the least expensive oqui;ment known by the
authors will investigate 300 feet below the ground. Also, vertical
electrical soundings using the ONodifted Wenner method (to be explained

*in the case studies) can be relatively accurate in actual geologic
correlations at depth.

The disadvantages inherent in U are that the probes mut be pusbed
into the ground. 33 can be relatively tine co suming and I requires a
2- to 3-man crew for the most effective utilisation. These few diad-
vantages are overcome by the versatility ad effectiveness of the W togive the needed subsurface data.

The utilization oft consists of two main teciques. heso are.
horizontal profiles and vertical soundin". Uorisontal profiles are
apparent resistivity measurements at a single tone below the surface
taken at numerous locations over an area. Vertical soundings are

*apparent resistivity measurements at various depths below the surface at
one location. Figure 2 Illustrates one method of the horizontal profile
technique. The Wenner array of equal electrode spacing enables U.measurement to be ""4 at ons, generl depth some at Roseo~ locaton
on a site. A recommended selection of electode *A* spacing for a pro-

file should be between one and two time the depth of interest (sm,
1975). A illustrated in Figure 2, the electrde apals" are at equal
distancs. The current Is conducted throgh the C and C' eoctrodes and
the voltage drop is measured between the P and P' eletrods, The
formula for calculating the apparent resistivity using the Wenner method
is as follovas

p A (211y )

Were p a apparent resistivity in oli-feet A

A - electrode OAO spacing between lIdivifal electrodes in
fast
3, )14

V voltage In millivolts
I caraat In milliamperes

The Snon Wdel 23905, und by the authors, internally calculates the
factor (I* ) no on met eMiy multiply the -A- epsing t ne the uso"
diAl it AIsin ad Malo mltiplier te ebtuin tO apereat ristivity,
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Figure 3 illustrates one method of the second 33 techniques
vertical soundings. Vertical soundings are measurements of apparent
resistivity at Various depth. at one location. "he depths at which
apparent resistivity Measurements are made can be varied depenin on
the tlodified Wenner" electrode spacing selected (Carrington and Watso,
1961). The authors normally obtain measurements at two-foot intervals
to a depth of 100 feet. The authors have found that by using the
'Modified Wanner' method, electrode spacing across the land surface
approximately equals the depth of investtation, within the subsurface.
As in the Wenner method, the current in the 'Isodifteod Wenerm method is
conducted through the outer electrodes and the voltage drop is measured
between the inner electrodes. In the 'todified Wesner method, the
outer electrodes remain stationary while the inner electrodes are oe
at reqlar intervals outward from the preselectod geaelectric center of
the array. The formula for apparent resistivity at an individual
electrode spacing is as follows:

Il/r 1 /r -1/r +l/r4

where p - apparent resistivity in oh-fet
11 - 3.14

R - resivtivity in ohms

r,, r . r3, r4 - distances between individual electrodes In

The factor (2 11) is again Internally calculated by the Bison 2350 &
unit. The factor in brackets is a constant value in feet for a
particular electrode array. Smamples of the constant value are sbown
in tables in the discussions of case studies.

GLACIAL TILL CASZ STI-

An 33 survey We conducted at a site located in glacial till.
Glacial till is unsorted and nonstratified material deposited by
glaciers. It is composed of various sixes of rock frag eato from clay
size to boulder &ise. The history of the site included the disposel of
hazardous organic as well as metal contaminants. organic* euch as ban-
som, thylbnzene, chlor Obue , methyleme chloride, toluene, tri-
cbloroethylan and phenolice were analysed from groundeter monitoring 6
wells Installed after the survey. oteals um a chrou-, Copper,
mercury, nickel and zinc were Also analysed f rom the ground-water
samples.

Figure 4 illustrates a vertical sounding obtained at the site. a
test bering located near the mowmdiog i alse ebse to Illustrate o
0loe cOrrelatien between the soeundig end the baring lg. The wter
table and top of rck were afeetlively correlated. fte appaent re-
eStivisY graph shows the MesOe vriatMsI in bs*eOft arent
resistvity. 0h very Mig Valve betwe e on POO eees end five
feet below groud is laftzpeted of dry sedlent. the w *abme,
ens ated at 7.5 teet n The berin. is laterpMeed sobe ats feet en
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the sounding. Note the very low appant resistivity value at 8 feet.
A major Shift in the apparent resistivity graph and the cumulative re-
s1itivity graph occurs at 30 feet. This shift is interpreted as the
topof rock. The rock type is shale so a decrease In the resistivity
would be expected. below 30 foot variations in the apparent resistivity
graph are interpreted as minor fractures and/or lithologic changes. The
boring was terminated at 30.3 feet so the deeper interpretation& have
not been confirmed. Table I list* the. actual metr reading* and elec-
trode specings eand the resulting calculations made to determine the
apparent resistivity and cumulative resistivity for the vertical
electrical sounding (VUS) shown in Figure 3. Table I was prepared using
a special competer program.

Pollowing the soundings, goelectric zones were selected In which
horisontal electrical profiles were conducted. Geoelectric zones of
approximately S, 10, 25 and 50 feet below ground were selected. Figure
S is a result of the profiles on and surrounding the site. Physical
coestraints such as pipelines and concrete pods prevented profiles over
a majority of the site itself. In Figure 5, the significant resistivity
anomalies (values less than 40 cbm-feet) are shown in separate areas for
ePM electrode A spacing of 5, 10, 25 and SO feet. Background profile
values ranged from 1S0 to 650 ohm-feet. Note that off-site toward the
southeest two areas were identified as resistivity anomalies at approxi-
mately 25 and SO feet deep. These areas are not downgradient of the
site. The doungradient direction is north and northeast. The areas
were later determined to be areas of a previous landfill not associated
with the site under investigation. The anomalies north of the site in
the widest area of the river alluvium were not associated with hazardous
Wastes bet ware found to be &saciated with lithologic changes in the
subsmrface. All other anomalies north and northeast of the site were
associated with hazardous wastes in the subsurface. Leachate was also
visible in these areas.

C3tSTAULXUR NMo OVI u D=i CA8 STUDY

An UI survey was conducted at a site located in crystalline rock
overburden. The crystalline rock oveburden was composed of clay, silt,
send and weathered rock. the crystalline rock was hornblende-biotite
schist. Schist is a metamorphic rock. The history of this site
Included a surface impoundment used to dispose of acidic wastes with
high concentrations of lead. The surface impoundment wa subsequently
alsod, but stream water quality doungradlent of the site was impacted
by contaminated ground water entering the stream.

Figure 6 illustrates a vertical sounding obtained at the site. A
tet boring located mar the souning is also shown to illustrate the
close correlation between the sounding and the boring log. Significant
apperent resistivity graph changs correlate well with lithologic
changes in the boring log. Note the relatively stabilised apparent
resistivity graph between 18 and 42 feet and between 50 and 0 feet.
Thee we ma on the sounding graph correlate with the sandy silt (is
to 42 foet) and wethered rock (U to 04 feet) on the boring log. Also.
th relatively high apparent resistivity between 54 and 50 feet on the

smedin grajb correlstes with the sand some betwee S2 and So feet on
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the boring log. Note that the driller indicated moderate water loss
while drilling between 84 and 94 feet. This water lose zone is in-
dicated on the sounding graph as fractures between 80 and 86 feet.
below 86 feet on the sounding graph the resistivity values do not vary
substantially. This is interpreted as consolidated rock vith little or
no fractures. This sounding investigation was carried to a depth of 200
feet, but the boring was terminated at 94 feet. Table 2 lists the meter
readings and electrode spacings for the sounding shown in Figure 6.

Following the sounding*, geoletric zones of approximately 10, 30,
60 and 100 feet below the subsurface were selected for profiling.
Figures 7, 8, 9 and 10 are a result of the profiles an and surrounding
the site. Several physical constraints such as pipelines, fences and
access permission limited the number of profile stations in the home
subdivision downradient of the site. Figure 7 is an apparent resis-
tivity profile map showing the profile station locations, resistivity
values and contouring of the most significant anomalies. The electrode
spacing is 10 feet. This zone is above the water table. The mest
significant anomalies, those with values less than 500 ohm-feet are
located around the closed surface impoundment and just north of the
stream confluence.

Figure 8 is an apparent resistivity profile map using an electrode
OA spacing of 30 feat. This zone is below the water table. The most
significant anomalies are more aerially extensive and the values are
generally lower than those of the previous profile at 10 feat. Note
the length of the east stream that is interpreted to be impacted by
contaminated ground-water discharge. Also note the contouring of a
suspected contamination plume from the east end of the impoundment to
the west stream. This plume was confirmed by surface water quality
measurements.

Figure 9 is an apparent resistivity profile map using an electrode
A spacing of 60 feet. This zone is within the weathered rock zone

just above the top of rock. It was interpreted as the most seriously
contaminated zone. The values are lees than 200 ohm-feet in a broad
area from the surface impoundment to the east stream. Monitoring wells
Confirmd the presence of ground-water contamination in this zone.

Figure 10 is an apparent resistivity profile map using an electrode.A* spacing of 100 feet. This zone is within consolidated rock. The
resistivity anomaly is limited ini aerial etant and the values are
greater than 200 ohm-feet. The anomaly may indicate an area of frac-
tures within the rock.

CONCLOSIOC

Ilectrioal resistivity surveys utilized as exploration techniques
can be very Cost-effective in gathering geologic and ground-water date
during £31 Piase 11 hazardoge waste site Investigations. lath soundings
and profiles, if properly conducted and interpreted, con guide the
placement of ground-weter monitoring wells. The wells can be effective-
ly located to intersect sispected ground-water contmination. The
geophysiaol approec prier to drilling is preferred by the authors
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whenever the utilization can be effective. The authors recommend that
soundings be conducted in the suspected upgradient direction, on site
and in the suspected dowmgradient direction. Interpretations should be
correlated with available geologic data and the relative resistivity
values of the soundings should be compared to determine if an anomaly
can be identified and mapped by the profile technique. If the anomaly
can be mapped, then a complete n survey (additional soundings and
profiles) should be conducted. A complete a survey should not be
conducted if the resistivity date results will not yield significant
findings to advance the Phase 11 investigation.

2loctrical resistivity, as with all geophysical techniques, should
be confirmed by actual drilling and ground-water sampling, but knowing
where to drill and how deep to sample are two very important factors
that can save time and money as well as improve the professionalism of
the investigation.
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THE HAZARDOUS MATERIAL.S TECHNICAL CENCTER.

Dvid A. Appler
Defense Logistics Agency
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Murray J. Brow-n
U.S. Army Environmetntal Hygiene Agency
Edsewood, Maryland

Torsion Rothman, P.E. :
Dynalac Corporation
Rockville, Maryand.

IXTRODUCT ION

'The lHazardous Materials Technical Center (HKTC) was established in
June 1982 by the i sstics Aency (DLA) to provide a center of

expertise on technoloy and regulations related to hndling, storage,

transportayion End disposal H haerdous materialsThe need Age nn cyTC

began with the ssignent of responsibility o DLA for manaing mst ofI

the hserdous astes In the Department of Defense, (DOD). To help In

carrying out this responsibility DLA decided to establish a contractor

operated Hazardous Materials Tehnical Center. ThrouSh ow pa tive

procureme t the Dyenc Corporation of ckvlle, arylnd as selected

xpeto istblih end olyrate this Custer.

tr biso Iesa n diseseo the parpos , ft ctio s , end operatingC

egn vio ofthe ai me1n r so n lft to tio Analysis moster

operoted far MA rd th ateetel es etdsio by the r.og. Arm

towireasaltl aWn loe #rate hi d 4A The Ceerists I"* Is be on the

epexamat of ThrewietTlhe di ed-shisp d bortisoo subts e warning
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Symbol with a green diamond In the background. symbolizing the 3ITC's role

ia safety and protection of health and the environment.

#The purpose of the VMTC Is to provide a single location as a source
for information on all aspects of hazardous materials technology and

regulatory requirements. To develop this source HMTC will Identify,

Collect, Assess, Synthesize, and Disseminate information on technology

and regulations for the management of hazardous materials and wastes.
This Information will cover all aspects of hazardous materials/vaste

management and will come from a wide variety of sources. The data will

be evaluated by the HMTC staff and the result disseminated in "user~

friendly'-manner by the most appropriate means

The initial users will be primarily DLA and the Military Services,

with information provided to other Federal, State and local government

agencies and the commercial/industrial sector on a non-interference basis.

MUCTIONS

The HKTC is organized along two functional lines: development of a

variety of products and services. and the creation of the Disposal File

for the Hazardous Materials Information System (13(15). The first

functional area, Products and Services, includes the development of a

variety of technical written publications such as:

oHandbooks are general guidance documents on broad topics.
Potentia subjects are Disposal Technologies, and the Storae and
Handling of Hazardous Materials.

o State-of-the-Art Reports (SOARs) are more specific and limited
than handbooks and can be considered monographs targeted to an
experienced technical audience. Som potential topics are
Hazardous Waste Exchanges, and Monitoring Equipment for Hasardous
Vaste Disposal Sites.

o Critical 3aVIOvSfleChnical AssessmentLs are similar to
ftats=--tnE- Reports out even more specialized.



aThe Ntewsletter, the H}/TC UPDATE, Is a quarterly publication
containing' ar'ticles on new technology and regulatory
developments, a calendar of events, and other articles of
interest to personnel engaged in any aspect of hazardous
saterials/wast* manaement.•

o Abstracts and Indices. HMT/C compiles abstracts of all the
pertinent literature added to the Center's repository and
publishes the IDSTC Abstract Sulletin on a quarterly basis. The
KHTC also prepares an annual Index of all the abstracts published
that year. The abstracts are sorted into twelve major Index
categories and retrievable using a specially-developed
hierarchical keyword system.

o ibliographic Searches. In addition to the HMTC database the
oetr has access to some 200 other computerized databases. A

~search begins with development of a #*arch strategy deigned to
!~maximiLze retrieval of relevant noaerial. The selected databases
"; are searched and the Identified abstracts reviewed to elimnate

duplicates and obviously irrelevant material. The abstracts are
then sorted alphabetically by senior author and bound into a
booklet for delivery to the client. Typical subjects for

bibliographic search*# have Included environmental and health
o heffects, treatment of hazardous istes, and toxicity data.

Another service of onTC is the response to technical inquiries. The

Inquiries ae received by phone or nail, nd assogned to a technical

staff mier for preparation of the response. They ore also included in
the RmTC user analysis proram. One purpose of the latter is to identify

, common are* of concern for early action. Each response also isa Abstracted and included In the HTC database. Typical subjects for

prtechnical inquiries inclde disposal technology, reoultory requirements,
pproduct oeposition, And safety and health procedures.

mrrc alestepaes aanulindeTo hall thobtrcsplse

tha special te catesor, st inperformed vearietye

projects including system safety studies of storae facilities,enginerin evaluations of disposal technologies, developet of remedial

actio specificatlons for hazardous waste disposal sites, and hyerdous

wastes moaement surveys. We lso provide support t heT Nationa

Library of bedicnne development of the Toxicology Date desk. In the

performance of special studies, le drae upon not only the t dul-time
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staff but also on the multidisciplinary and highly-experienced science

and engineering staff of the entire Dynamac Corporation.

The Dynamac in-house computer resources are used to perform the

cataloging, storage, and management of the information used in preparing

technical inquiry responses, disposal data, and the various

publications. Current plans are to have a hazardous substances

regulatory database and the HIS available as on-line systems in the near

future.

The other major function of the I4TC is the development of a dis-

posal file for the Hazardous Materials Information System (IMIS). The

WI1S Is a computerized database set up in 1978 by DLA to provide an

organized repository for the information on the Material Safety Data

Sheets (MSDSs) received from the suppliers of materials. The WD41S is

also intended to assist in achieving compliance with pertinent regula-

tions in the areas of safety, health, and transportation by making the

necessary information readity available to persons in these areas.

The data files and the data elements currently in UMIS are described

* iin the following overview, setting the stage for discussion of the data

elements for the Disposal File.

* .The MIOS currently has two data files:

o Safet and Health Fle - for which the information comes
primarily from the Material Safety Data Sheets (MSDSs).

oTrasportation File - for which the information is prepared by
theperson developing the data for the 4I1S based on the ISDSs
and other data.

The information for third file containing disposal information, is

beins developed by the NMTC in close coordination with the users of the

WIS.

-. ' -~ 2-.



The Safety and Health File is comprised of five major sections:

Identification and Logistical Data; Chemical Composition and Physical

Properties Data; Safety and Health Information; Storage, Spill, Leak, and

Disposal Procedures Data; and Supplemental Safety and Health Data. The

Identification and Logistical Data section contains key items for the

product, such as National or Local Stock Nmber, Federal Supply Code for

Manufacturers, NIOSH Code, and Focal Point Indicator, which are unique to

the product and may serve as links to the other files (Transportation and

Disposal). These data elements also serve as a basis for retrieving

information from the Safety and Health File.

The Chemical Composition and Physical Properties section contains

information about the chemical components and the physical and chemical

properties of the material, such as pH, boiling point, vapor pressure,

solubility, and flash point.

The Safety and Health Information section contains information on

such items as explosive concentrations, threshold limit value (TLV),

first aid procedures, hazardous decomposition products, and protective

equipment.

The Storage, Spill, Leak, and Disposal Procedures section provides

the user of the product with guidance on appropriate action to take in

storing the product, and how to handle a spill of the product, and in

what manner the contained, spilled, or leaked material should be

disposed. The waste disposal referred to here is for materials used to

clean up spills and Is very general in nature. A typical instruction is

"Place material in suitable container for shipment to disposal area."

Obviously, this is not enough to insure compliance with regulatory

requirements for routine hazardous materials waste disposal. The

Supplemental section is used for Information which exceeds the capacity

of the data elements in the other sections.
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Similarly, the Transportation File has an Identification and

Logistical set of data elements in addition to Transportation and

Supplemental data elements. The Identification and Logistical date in

the Transportation File serve the same purpose as those data in the

Safety and Health File. However, the Transportation data pertains

exclusively to the manner in which hazardous materials are shipped.

beginning vith the product measurement data and special chemical classes

in regard to shipping and ending with the different avenues of shipment

(road, vater, or air), the transportation data provides the user vith a

comprehensive source of information. This information Is used to

determine transportation restrictions, shipping modes, packaging, and

labeling and manifesting requirements. The Supplemental section In the

Transportation File serves the same purpose as in the Safety and Health

File.

The final date file is the Disposal File whlch Is being developed by

the lfC in close coordination vith the organizations expected to be

using the File and based on their experience.

It is proposed that five major sections of data elements will

comprise the Disposal File. These sections include:

o Generpl Information

o Disposal Data slements

o vaste Manifest Data Elements

o Handling/Storage Data Elements

o Supplemental Disposal File Data

The General Information section is comprised partly of those date

elements found In the Identification end Logistical data sections of the

existing Safety and Health and Transportation files.

1.
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There are also several new data elements in this file. For the

purposes of this discussion, only the significant new data elements are

presented for consideration. These data elements are focused on DOD's

needs and not all entries wili be of interest or use to the non-DOD

comunity, especially in the General Information section. However, some

information even in that section and most of the information in the

others, are of common interest.

General Information (new data elements)

" Accountability Acceptance by Defense Property Disposal Office

(DPDO) - DOD policy has established eight categories of hazardous
materials, such as biological/chemical warfare agents, unique R&D
wastes, and municipal wastewater sludges that are not to be
reported to a DPDO for disposal. DOD policy is that these

materials will be the responsibility of the generator of the
material. This first new data element would indicate whether or
not the material is in any of those excluded categories and would
therefore ensure uniform application, worldwide, of this policy.

o DPDO Disposal Assistance Service - indicates those items for
which a DPDO will provide disposal assistance even though not
required to formally accept the item, i.e., a DPDO might set up a
service contract to dispose of industrial sludges.

" Environmental Impact Statement/Environmental Assessment
Availability - Indicates whether a National Environmental Policy
Act document has been prepared on the disposal of this substance
and where copies of this document are available.

Next, the Disposal Date elements appear, which are the key items of

the I(1S Disposal File. They indicate the appropriate EPA Hazardous

Waste Code under RCRA, the hazardous characteristic(s), and whether any

or all parts of the DOD disposal cycle can be bypassed. These elements

will provide complete technical instructions and recommendations for

disposal of the material, supported by a technical handbook which allows

the presentation of detailed information.
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o DOT Hazard Class - contains the proper hazard waste class for
shipment of hazardous vaste.

o VU/KA nber - provides either the United Nations NUmber
appropriate for international and domestic shipments or the NA
number for items not recognised for International shipment
(except to or from Canada).

a DOT Waste Label, - indicates the type of label specified for the
item as a waete.

o Reportable Quantity - indicates if the package quantity is large
enough to be considered a "Reportable Quantity.'

The next group of data elements are designed to provide information

on special handling end storage requirements or precautions relevant to

the hazardous material. Although some of this information say duplicate
data already in the Safety and Health or Transportation Files, an
expanded input will provide more specific information to meet the

regulatory requirements of DOT and EPA.

Handling/Storage Data Elements

o Randling/Storage Precautions/Naterials To Avoid. Indicates
* specific handling/storage requirements or precautions relevant to

the hazardous characteristics of the material. For example
exposure to heat/cold/water or dryness or just simple aging could
change the properties of certain materials and make them more
hazardous.

o IMIS Storage Compatibility Code. Indicates storage compatibility
codes as defined in the I91S Procedures Manuel, DOD 600.5-0 .

o Spill and Lak Control. Contains emergency procedures for
control of a spill or leak.

The Supplemental Disposal File data elements will provide a place to

list any unique data relevant to disposal of the item, as well as

providing additional explanatory data relative to other data elements.

Although the data elements proposed for the Disposal file appear

primarily admiaistrative and logistical io nature, they are synthesized
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from extensive scientific and technical information on the hazardous

materials to ensure that the procedures recommended are technically

sound, meet all environmental and health regulations, and are

impleentable.

For example, the following factors are considered in the development

of these data elements:

o Potential degradation due to long term storage, !.L. , picric acid
will produce explosive crystals upon aging

o Environmental transport mechanisms and environmental fate

determined by the chemical/physical properties of the material
and specific site characteristics

o Treatment technology evolutions such as biodegradation,
micro-orga ism acclimatization, chemical neutralization, fixation
and solidification, slow and rapid oxidation

o Industrial hygiene and engineering control technology as parts of
a safety and health program for disposal workers

The development of special products by the 0H(TC is the next topic to

be addressed in this paper. The HKTC contract contains an income

objective provision which permits the addition of new tasks, related to

the management of hazardous materials or wastes, in a relatively short

time period. The special product development begins with discussion

between customer and iOHTC staff to establish a thorough understanding of

the customer needs. IBHTC staff then prepares a detailed work plan

containing the technical approach, time schedule, cost estimate and
categories of personnel to be used on the project. After approval of the

work plan, the customer transfers the funds to DLA and the project

begins. After some paperwork is completed to establish the Initial

mechanism, any new task can be underway in about two weeks after

discussions begin between the customer and JO4TC.

Most of the discussion in this presentation center on the activities

of the Technical Operations/311S Group. This group consists of
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engineers, chemists, biologists, toxicologists, and many other scientific

and technical specialists drawn from across the Dynamc Corporation as

necessary. Supporting this group Is the Infozation Support System

Group which operates the computer and the KHTC repository and is composed

of a staff of computer programers, data entry personnel, a librarian,

and research assistants. The Center also has a User Relations Group

vhose main function is to identify user needs to assist in refining the

HMTC products and services. The Publications Group also publicizes HNTC

through a periodic nevsletter, brochures and news releases. This group

produces two periodicals, the IDITC UPDATE (a quarterly newsletter), and

the HITC Abstract bulletin. It also provides editorial review for all

reports and other documents prepared by HMTC.

The HMTC is physically located in The Dynamac Building at 11140

Rockville Pike, Rockvllle, Maryland.

Mail should be sent to:

Hazardous Materials Technical Center
P.O. Box 8168
Rockville, Maryland 20856-8168

HffrC also has dedicated phone lines for easy access. Pros anyvhere

in the United States, including Alaska and Newei (but not Maryland), you

can reach HrTC via (800) 638-8958. In Maryland call (301) 468-8858.

HMTC can also be reached via the ITS on (202) 466-8658. Since IMTC is

not an emergency response center, the phone lines are staffed only during

normal Eastern Time Zone business hours, i.e., 8 am to 5.30 ps, Monday

through Friday. During other hours your message vill be recorded, and

your call returned the next business day.

In conclusion, HITC is a center of technical and regulatory
expertise serving primrily DLA and DOD with publications and services,

and these are provided to others on a noninterference basis. Ye will be j
working closely with all potential users to ensure those products and A

servicee meet the ser needs.
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COIIJNITY RELATIONS ACTIVITIES AT DEPARTNENT OF DEFENSE SITE

By

Daphne Gemmill, U.S. Environmental Protection Agency
and

Nary D. Sexton, ICF Incorporated '

Community relations activities during hazardous waste site cleanups are
important for several reasons. Through these activities, the response agency
can provide citizens affected by the sits with needed information about site
contamination and the likely effects of cleanup actions. Citizens in turn can
provide the response agency with needed information about the extent of
contamination, about alternative response actions, and about responsible
parties. And, a close working relationship between the response agency and
the community can help ensure that the community will support a cost-effective
remedy at the site. This paper describes what the Environmental Protection
Agency (EPA) has learned about effective community relations activities at
hazardous waste sites and suggests how some aspects of EPA's approach to
commmunity relations may be applicable to Department of Defense (DOD) sites

EPA'S COMNUITY RELATIONS EXPERIENCEI

During the first three years of the Superfund program, EPA has found that
a good community relations program at hazardous waste sites requires
substantially more than a public relations effort. For example, EPA has found
that citizens do not always accept that the government has their best
interests at heart just because the agency keeps them informed about the
planned response actions. Instead, citizens have stressed that they wnt
specific kinds of information about their site when they need it and in the
form they need it. EPA has also learned that some citizens want more than
information about the site and response action: they want an opportunity to
be involved in response decisions.

Providing citizens with the information they need and involving them in
response decisions is a resource-intensive effort that requires skill and
commitment. For example, to identify the kinds of information citizens want
about the site and the planned response action, agency staff must meet with
citizens ad ask: what information do you want about the site? in what form
do you want it? when and where do you want to receive it? how can we
accommodate your need for information if we cannot for some reason meet your
specific requests?

Furthermore, citizen involvement in response decisions often requires

Daphne Gemmill is EPA Headquarters Superfuad Comanity Relations
Coordinator. Mary 0. Sexton Is a consultant and cmmmity relations project
mn r at IC? Ico rporated.
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substantially more than implementing a formal comment period on response
decisions. It can mean meeting with citizens regularly during remedial
planning to elicit and consider their concerns. It can involve keeping
records of comments citizens make throughout a response action and then
demonstrating how the agency considered thee comments and factored them into
response decisions. Or. citizen involvement may require eliciting citizen
comments on procedures for implementing cost-effective alternatives and then
implementing the community's preferred approach (such as complying with the
community's wishes about the timing and route of transport of wastes
off-site). In all cases, citizen involvement mans zivinA citizens an
opportunity to affect response plannini and decisions.

EPA's recognition that community relations requires both an information

program and an active citizen involvement program developed over a three year
period. %%en the Superfund program was first implemented. EPA conducted an
analysis of 21 hazardous waste sites to determine how community interests can
affect response activities. Among other things, this analysis confirmed that:

0 Every site has the potential for public opposition, heated
conflict, and high media visibility;

0 Public opposition to agency response plans can lead to
delays, work stoppages, obstruction of technically sound
remedies and cost overruns; and

* The technical adequacy of a response action in no way
assures public acceptance.

In response to this analysis, EPA designed and implemented a community
relations program for Superfund. Under this program, EPA staff in the
Regional Offices were required to develop a community relations plan for each
remedial and longer term removal site that detailed the two-way communications
activities to be conducted at the site. The program also required that EPA
hold a formal comment period prior to selecting a remedial alternative and
give prior notification before taking response actions. About a year ago,
after undertaking a program review and listening to public comment, EPA
decided that its program was adequate as a public information program but
inadequate as a citizen involvement program.

Since that time, EPA has modified its coamunity relations policy,
$ strengthened its commitment to involving citizens in response decisions, and

initiated a training program for Regional Office and state staff to eure
that the policies are understood and carried out. EPA's current goal is to
ensure that its Superfund community relations program is both a public
information program and a public participation program. As Adinistrator
William Rickelshaus stated reeently during a pilot training program: *Me
purposes of the program are to:
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* Encourage -. -- cit Lasso to express, their
coerns and provide laftret -iss

0 Seek out Li ctively -- citiass comments to all response
act ions;

* Consider emwlicitl, citisen ciets in formulating
response dec isions; and

* Explain -- Mecificallv bow citisos commeets wore
incorporated into response decisions."

To ensure that the program's objectives are reflected in activities
carried out at sites. EPA nam requires that:

* Commnity relations plans be based upon discussions with
state and local officials, civic and community
organizations. interested residents, and media to $aim a
first band understanding of the "a)or community Isese,
citizens' information needs, and level of public interest.

" Community relations acti~vities be closely integrated with
technical response activities.

" A comment period be implemented before remedial decisions
are mlade.

" Community input be solicited at other points during the
response action as well, wherever feasible and meeded.

" Response agency staff document bow community input was
cons idered end incorporated into response plans.

We bring this abbreviated history of EPA'* cmuity relations trogrom to
DOD's attention because we believe that OW can benef it from EPA's lessons
learned" in designing its approach to comnity relat ios during response
actions. Under the Mtemorandum of Undltesding (IIOU) between OW and EPA for
implementineg the Comprehensive Lnviremmestal fteapesse. Cmensat ion, and
Liability Act of 1960, OM is responsible for providing Information to the
local cammity whem OW has sole responsibility fer the site and Is jointly
responsible for cmuity relations activities with SPA where SPA and 000
share site responsibility. The PMJ states that EPA and OW meat conduct
response actions in accordance with the procedures established by the National
Oil and Msardous Substances Pollution Contingency len (MC?). Section
300.61(c)(3) of the MCP reairee that response &agenie "be saestive to local
comuity concerns Iins accordane with applicable guidance) ."I As OW

SThe MP? Is currently being revised. SPA anticipates that the
provisions regarding coaity relations activities will be strengthened.
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explores what it means to be "sensitive to community concerns", it may wish to
consider how the suggested program philosophy and activities outlined below
can be tailored to the needs of its Installation Restoration Program.

SUGGESTED C044UNITY RELATIONS PHILOSOPHY

EPA has found that there are a number of attitudes that are important for
response staff to have and convey in carrying out a cleanup action:

0 Consider the site's community relations proram to be an
integral part of the response effort. This requires
building a close working relationship between technical
response staff, public affairs staff, and any contractors
supporting the Department's efforts.

0 Recognize that citizen concerns are legitimate and that
they need opportunities to express them and to have them
considered seriously. Citizens living near DOD sites may
believe that their health, their children's health, their
water supplies, or their property values are threatened. In
addition, they will have to live with the results of any
response action long after the agency completes the action.
Their concerns, therefore, should be addressed as early as
possible in the response action.

0 Be sensitive in your dealinls with citizens. They are not
adversaries. Particularly in any early meetings with
citizcns, make more of an effort to listen than to talk or
explain the Department's position. Try to identify what

4citizens' real concerns (such as threats to health) are as
opposed to their stated positions (such as demands for
cleanup in a certain time period). Develop a communications
program that responds to their real concerns.

* Acknowledge that citizens may provide the Department with
valuable information. This information may take several
forms: information about responsible parties; information
about the extent of off-site contamination; information
about health effects. Furthermore, some citizens may have a
strong engineering or technical expertise that allows them
to comment constructively on remedial alternatives being

* :considered by the Department.

EPA has found that while this community relations philosophy appears to be
straightforward, it is actually very difficult to implement sad to do so
consistently. DOD may encounter similar problem. for example, although DOD
public affairs experts will probably be enthused about an active
commanications program, scientists and engineer. working at the sit my mt
be comfortable with the idea of meeting with citiaens answering their
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questions, and elicitinS citizen input. In addition to sufficient resources
allocated to community relations, two thin" are needed to make the philosophy
work:

Community relations trainit. Even if DOD's public
affairs staff will have primary responsibility for
conducting community relations activities at sites, DOD's
technical response staff will also need to meet with
citizens, participate in meetings, review citizen comments,
consider how their input might affect response decisions,
and help document ho" the Department responded to citizen
input. To do these things well, most technical staff will
require training in how to avoid conflict, in how to conduct
and participate in effective meetings, in how to build good
media relations, and in how to identify areas for citizen
input.

Top manazement commitment. Integrating community
relations activities with the technical response program
will not happen unless the Department's top management says
that it must happen. With all of the pressing response
efforts that go on at a hazardous waste site, community
relations will always be given minimal attention unless the
response program's top management emphasizes that it is a
high priority.

SUGGESTED SITE ACTIVITIES

, EPA's community relations program emphasizes that communications
activities at Superfund sites should be tailored to the needs of the
community. It includes, however, both required and highly recommended
activities that were developed after an analysis of effective response actions
across the country. DOD staff may wish to consult the guidelines for these
activities that EPA has prepared for its staff with Superfund site
responsibilities. (See U.S. Environmental Protection Agency, Community
Relations in Superfund: A Handbook, September 1963.1

Based upon our assessment of those activities that have been most needed
and useful at EPA sites, we suggest the following community relations
activities for DOD's consideratLon. Again, because each site presents
markedly different response and commnity relations problems, no one set of
activities can be prescribed for all sites. We view the activities listed
below as a model community relations program.

Activity 1: Conduct msoeal meetins. with concerned citizens.

Before performing site work, DO public affairs or technical staff (or
both) can consider meeting with citLsens affected by the site, local and state
officials, end other concmr od cmmunity members to identify their concerns.
Ixperince has demonstrated the Importance of early. Personal contact between
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citizens and government response agencies. These meetings can be extremely
useful for eliciting community input on the following:

0 The level of public concern and the history of citizen
involvement in seeking a solution to problems at the site;

* The types of information citizens would like to receive and
the form in which they prefer to receive it (e.g., small
group meetings, fact sheets, progress reports, news
conferences);

* Citizens' perspectives on the history of the site and any
potentially responsible parties of which they might be aware;

0 The kinds of health and environmental problems citizens may
have noticed that might have been caused by exposure to the
substances found at the site; V

* The existence of other citizens concerned about or having
information about the site whom DOD should contact;

0 Those elements of the response action of greatest interest
to citizens; and

* The kinds of response actions citizens would like to see

conducted.

Activity 2: Prepare a communications plan for the site

A community relations plan, based upon discussions with interested members
of the community, can be a useful document for: detailing the Department's
understanding of the major community issues; explaining how the Department
will provide information and elicit citizen input; providing a schedule of
communications activities; and listing DOD staff that citizens can contact
with questions. This plan can be provided to or made available to interested
members of the community.

Such a plan serves many useful purposes. It forces staff to identify
- major community concerns and think through how the agency will respond to

them. It requires staff to identify points of community input and to make
these known to the community. It is a good management tool for tracking
program accomplishments. And, it demonstrates to the community that the
Department is serious about its commitment to provide it with information and
to provide it with opportunities for comment.

The plan obviously does not ensure that a good community relations program
will be conducted at the site. But, without a plan, it is unlikely that a
program that meet* citizens' needs will be implemented.
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Activity 3: Implement a formal comment period prior to solectim the
cleanup opt ion

A formal comment period on the proposed remedial alternative is a good way
to ensure that community views on DOD response actions are elicited. In
addition, it would allow DOD to meet the National Environmental Policy Act's
requirements for public participation.

During any comment period implemented by DOD on proposed response actions,
DOD might find it advisable to conduct small group meetings or workshops to
explain the results of its remedial studies. Prior to the close of the
comment period, DOD might also wish to consider those areas where it has some
flexibility in meeting citizen concerns and explore those areas with
citizens. (For example, citizens might disagree with DOD's plan for the
placement of site structures and DOD might be able to change its plans to
accommodate citizen concerns.)

Activity 4: Establish an information repository

An information repository is a project file, located in a convenient
location in the community that contains site information, investigatory
reports, and other documents on site activities. It is being used as an
effective information provision technique during a number of Superfund
response actions such as the response at the New Bedford, Massachusetts site.
The Ac¢ishnet River in Now Bedford, Massachusetts has become contaminated with
PCBs and heavy metals, forcing a ban on commercial and subsistence fishing and
lobstering. Among the techniques that EPA is using to provide information to
the local community is an information repository located in town halls and
libraries in New Bedford and neighboring Fairhaven. EPA is including in the
file information about PCBs, the known sources of the contamination, the most
affected areas. and the schedule of site activities. Both technical documents
and non-technical explanations of the documents are placed in the file.

Activity 05: Conduct small aroup meetings and workshops

EPA has learned from experience at a number of sites that large public
meetings and formal hearings, traditionally the centerpiece of a public
participation program, are often inappropriate vehicles for communicating
information about response actions end for obtaining citizen input. Large
public meetings can also exacerbate any existing adversarial relationships
between citizens and the government, and prevent constructive discussions.

Small group meetings and workshops can be effective conmnications toolsi at site* in the floigkinds of situations:

DOD believes that citizen interest in the planned response
action is high and citisens say desire a substantial amount
of input into the response action and a.subetantial mount of
interaction with Department staff.
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* The release caused (or is perceived to have caused) a
number of health problems for residents near the site and
these individuals need to receive detailed information and
explanations of health studies.

6 DOD's relationship with the community has not been good up
to this point for any number of reasons and a closer working
relationship with affected citizens would improve trust and
cooperat ion.

0 DOD has sufficient resources available to plan and conduct
a series of informal meetings and workshops that are
ultimately available to all interested citizens.

EPA has given considerable thought to how to plan and conduct small group
meetings and workshops and can provide this information to DOD's community
relations staff.

Activity 06: Provide progress reports

Progress reports are brief fact sheets describing past site work and the
latest developments occurring during the response. They are more detailed
than news releases and less detailed that background papers. Their target
audience should include local officials, citizen leaders, civic and community
organizations, and the media covering the site. For example, a progress
report may contain information such as: the types and quantities of
substances known to be at the site; the known extent of contamination; a brief
explanation of ongoing activities; DOD's response plans over the next few
months; and DOD contact staff. Progress reports can either be issued on a
regular basis (say every month) or whenever important developments occur
during a response (for example, the conclusion of a phase of the DOD response
action).

Activity #7: Call or mot with citizen leaders frequently to inform
them of progress

EPA has found that consistent, personal contact with citizens is the most
important determinant of a successful community relations program. While

*frequent contact is resource-intensive in the short run, it is extremely
cost-effective in the long run. There is no better way to demonstrate the
Department's commitment to keeping the community informed and to eliciting its
views.

This paper has highlighted an approach to community relations activities
at hazardous waste sites that has worked for EPA and may work for the DOD as
well. This approach is based on the premise that citizens not only need
information about haxardous substance response actions but also have the right
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to be involved in response decislos. It Is on appmeech that is atually
beneicial to the. COAnity end to the govegmest reaP.... epaCy. Uinder the
program outlinmed above,~ citisens receive the Informot ion they need and have an
opportunity to effect response 4ocisSos. The governeat ageacy in turn often
reteives neded information from ritiseas, gains comunity suapport for an
off icent response action, and ovoids counter -productive disagreements.
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-nActivities of the U.S. Army at ammunition plants, depots, and
arsenals involve the handling end appropriate disposal of a variety of
materials identified as potentially toxic or hazardous to busn health
and the environment. section 3001 of the Resource Conservation end
Recovery Act of 1976 defines hazardous vastes as

"...e solid waste, or combination of solid wastes, which because of
its quantity, concentration, or physical, chemical, or infectious
characteristics may --

a. cause, or significently contribute to an increase in
mortality or an increase in serious irreversible, or
incepaciting reversible, illness; or

b. pose a substantial present or potential hasard to buan
health or the environment when improperly treated,
stored, transported, or disposed of, or otherwise
msned."

.Rsardous wastes are of concern since they say be lethal,
nondegradable, persistent in mature, and/or biologically magnified.
Planned and unplanned discharges of hazardous wastes can lead to soil
contamination and, possibly, surface and ground water contamination as a
result of surface runoff and subsurface transport. Soil contamination
has occurred in the vicinity of planned landfills end liquid waste
holding ponds which are located in permeable soils or improperly lined.
Unplanned discharges can occur as a result of accidental spills, and
soils in spill area have also been contaminated.

NAOIUI OF "mum23

A study to determine the magnitude and scope of military hazardous-
waste problem and to identify and assess the Department of Defense
(DO) hazardous waste management approach sad future needs has been
conducted (gvaohe, at &l., 1991). The study approach was designed to
survey current activities of DO0 agencies involved with hanardous waste
management operations end associated research and development
activities. Discussions were held with DOD policymkhers, coesad and
field managers, and technical experts to determine what they perceived
as critical aeas end appropriate mmagaemet strategies. Roulatory
issues and current research activities were discussed with V.I.
nviromsmtal Prtectio Apancy (IPA) officials. These discussieom ware

sepplamened by a review of pertinent reports, meoramde, nd
reglatioens. Ihe ma nitude of the problem is illustrated by the fact
that 911 ineallations are in the process of being checked for hbeardoes
waste sites, and a iy a 200 may require some type of cleanup aetin.
Th folleeis Viesited Press ltersational story (hgnet 11, 1903)
illuetratee e Otiomal cocer related to this problems
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The Pentagon, with its mest suensive programs already under
way, still expects to spend about $500 million to finish cleming
ha sardous waste sites at military installations, a defense official
says.

Lt. Col. Peter Daley, director of enviromental policy for the
department, said Wednesday the Defense Department has been working
since 1980 to locate hasardous wate sites on all defense lands.

The program involves 911 installations, but only 130 locations
£ remain to be checked, Daley told the investigations subcomitoe of

the Souse Public Works Cmmittee.

Deley estimated that as many as 200 installations require #e
cleanup actions, but only 18 are completed or under way.

Of those remaining, he said, "We don't know of any cases *her*
immdiate health or enviromental threats exist. tn addition, the
great majority of the cleanup actions we will fce are relatively
mall scale.

"ost of the tew big, costly programs are under way," he said,
adding that the median costs of the first few clemp projects has
been about $1 million, but the cost is expected to drop for the
later, maller projects.

"The bottom line is that it's going to cost about a half a
billion dollars to complete the cleanup task," Daley said.

luboumittee Chairman Illiott Levitas, D-Ga., noted reports of
disagreement and lack of cooperation between the Defense Department
sod the goviromental Protection Agency, which has the major role
in hazardous waste control.

The $1.6 billion Superfund authorised by Coegress to pay for
* basardous waste cleanup operations is not available to govermant

apecies and Deley noted the cleanup funds for military sites will
4come firm the services operations and mintean accounts.

Deley said the Pentagon and the SPA reached agreement Tuesday
on a m randam of understanding that outlines bow the two agencies
will work together in cleaning up waste site at military
installations.

No stressed that the 1PA and state end local officials ae
gives all imformetion about sueh sites "as soo as w e owe it
is tecbically acorate."

Levitee said the federal overmest, perticularly the
PIa@ ImI Nwt be an eample fo the "tion on bom to badle tbae

t prebls."
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lsp. Guy Nolinari, -U.., said the Defemnse Department is
"probably the greatest generator of hasardous wastes among all
federal agencies."

The Department of Defense (DOD) has developed a program to identify
and evaluate past hazardous material sites on DOD property, to control
the miration of hasardous contaminants, and to control hasards to
health or welfare that may result from these past disposal operations.
This program is called the Installation tstoration Program (INP). The
IIP is a four-phase progran consisting ofs Phase 1, Initial
Assessment /ecords Search; Phase 11, problem Confirmatioa; Phase 111,

,Technology base Development; and Phase IV, Operations. The U. S. Amy
through the Toxic and Hazardous Materials Agency (USATUMAM) has
conducted a number of Phase I studies at Amy installations, with

fseveral locations proceeding to subsequent phases depending upon the
Phase I findings.

There are ulti , potential sources of hasardous wastes handled or
generated at U.S. Army installations. Tbhe multiplicity of sources can
be illustrated by two studies conducted by the Construction agineering
Research Laboratory (Messenger, at al., 1983; and raybill, Mullen and
Douaue, 1o). The first study investigated the feasibility of
tracking hazrdous materials throu&h procurement, distribution, use,
collectioen, nd disposal at U.S. Army fixed facilities (Messengar, at

- al., 1983). It was found that a complete tracking system would require
major chae to materials distribution and accountability procedures.
Implemeeting complete tracking proceduros would be very costly at
military installatioms because of the great diversity of basardous
materials procured and the large numbers of activities which use them.

* Another tracking system investigated was the monitoring of procurement
data. This type of system has been used successfully at two
installationa and it as recomeanded that it be tried at others an an
experimental basis.

SThe secoed CIAL study eamined hasardous waste production at two
*military installatios and a major Amy hospital (rraybill, Mallen and

Donahue, IO) . Six major hazardous wates wore fonds (1) waste

oil/petroluin oil lubricant (Pa) products; (2) solvent tank bottom
sludges; (3) paint wastes; (4) pesticides and insecticides; (5) IPCe;
and (6) madisel/infectiom wastes.

A bor of U.S. ay research activities heve boew recently
eoduoted on the Pesral isee of beoa waste asn a me and

disposal, and several illustrations will be cited. Dov (1977)
prooested a mothedeloy that con assist the Amy in alloeeting roeene
On eadidate eoeareb ad deslegmaet studies e the eevireametal

effaces ot Ary eamisels, is a ent-ofiestive e e with repee to
the deelogmes of sriteria for standards. be bass of ae iatbedeleg
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is a mathematical model of the process leoading from the initial
pollution of air, water, or land to the eventual environmental effects
of tb chemicale in question. lh. model estimates a total hazard value,
weibted among human and ecological effects, with a corresponding
uncertainty due to lack of knowledge. The allocation methodology them
compares the reduction in hasard uncertainty expected to be achieved
after a research study with the cost of the study, and ranks candidate
studies according to the ratio.

Nikucki, et al. (1981) conducted a study of the characteristics,
control and treatment of leachate at military installations. The study
report documents the results of an extensive review of literature on
leachate, provides introductory information about leachate, and answers
such questions ass what is leachate; why is it important; what are its
characteristics; how can a leaching landfill be detected how can
leachate formation be mitigated; and what does remedial action cost.
The report is intended to educate Army personnel about leachate, provide
DA points of contact for assistance, and provide guidelines for problem
identification. This report may be used by Pacilities Enginers to
identify leaching landfills, prepare and implement a monitories program,
and institute short-tern remedial measures.

Two specific studies have been conducted on waste materials and
soils (Houle and Long, 1980; and Kaplan and Kaplan, 1982). oule end
Long (1980) reported that a graded serial batch extraction method is
useful for studying the leachability of industrial wastes and for
determining the retention characteristics of soils. A correlation
between waste and soil extraction volumes and the time of leaching in
columns or in the field allows for the development of a technique for
the accelerated testing of wastes and soils. The leachability of heavy
metal-laden wastewaters was examined in this study through such batch
tests.

Kaplan and Kaplan (1982) reported on a study of the
biodegradability and utageicity of 2,4,6-trinitrotoluese-surfactant
(TIT) complexes in soil and water. Soil leaching studies indicated that
in situ ismobiLisation of TNT is not feasible due to the large
quantities of surfactant required and the inability of the surfactant
treatment to iimbilise TNT microbial reduction products. The Am*
screening test for mutagenicity revealed that these complexes are a
significant mutagenic hasrd.

finally, some research has been done on the fixation or control of
hasardous wate migration in soil, and two examples will be cited
(bencanem~e ond K lkarni, 1979; ad price sad gmerer, 192). in the
first study, electroplating waste samples from Tobybame Army Depot, PA,
and other synthetically prepared samples of hazerdous weete were finedby t€e Wg -VU procs of Varner ad Fflaidror Corp. ("pbelt saa

ene"pslat ion) and evaluated by using the modified Viseeomeim lemie
teat (Reemeraoe d Kulkarmi, 1962). It wes found that the process
provides saisfatory attemuation to lechimg of beevy metal ism,
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heavalenat chromium, and cyanide. ?be presence of complexing iens like
cyanide, smonia, and high p3, hower, seem to adversely effect the
performance of the process, slightly increasing the leaching of sims,
copper and cadmium. Excepting these metals, the concentrations of othet
metals in the leachates generated are within the limits set by the U.S.
Enviromental Protection Agency.

Price and Somerer (1962) reviewed end evaluated information on
compatibility and compatibility testing of liner/barrier materials 'With
hazardous wastes. The emphasis of tbs study was en methods of long-term
and accelerated compatibility testing and moels to predict liner
compatibility with various mastes. Very little information is available
on loag-term compatibility with various lining materials. Bssetially
no method. awe available for predicting mearame liner compatibility
with hasardous wastes.

for the post two years personnel at the National Center for Ground

*1 Water Research (NOGl) hae been collecting and analysing information on
various aquifer restoration technologies and previous application of
ground water pollution cleanup measures. Oat result of this study is the
development of a protocol or structured approach for selecting am
optim aquifer restoration strategy. With minor modifications, this
protocol can be applied to DoD installations.* The protocol represents
an invaluable aid for conducting the first three phases of an
installation Restoration Program. The remsinder of this paper outlines
the major steps of the protocol.

RXNDIAL ACTION M6*513 PLANS

?he poneral approach to be taken in developing aquifer restoration.
schewae is, for the met part, intuitively obvious. A logical first
step is a preliminary assessment of the nature of the problem. &"ad on
the preliminary assessment, Potential alternative remdial measure awe
identified. Prom the list of possible alternatives, as optim would be
selected through enviromeental impact risk assessent, and cost-
effectiveness analyses. implementation and construction of the chosen
alternative would be mext, followed by monitoring of the effectiveness
of the measure.

A review of the literature shows the aove to be the pattern used
most frequently. buet of the work in developing structured approaches
to solving ground water oentamisat ian problem has been associated with
the Comprehensive UNviroeentel Masp**", Compensation and Liability
Act, ?.L. WHO31 (bms. as CNA or Soperfumi). apeificallyp
Soperfamd, sit" tequire, the development of a "remedial aetie meeter
plam" or aw. I" prpmesof a AWis to identiy tktypet o*"*
seqeee and sehedole of remedial prejeests whieb may be puwit
Closak end Nodeem, IM6). Vigore 1 sand I are attito -to tepmest
the 3MW presae in the gemn of flow carts. Mditiamellyg Table I
line dhe $bases of a site etmimian ad liability endit. Two
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Table Is Site Contmination OWd Liability Audit Phased Structure

Screening Phase I Initial Property Inventory

*Pbs... Phase 2 Classification and Identification
Problem Properties

Phase 3 Preliminary Field Screening

Phase 4 Prioritization of Problem Properties

gmerseacy Phase 5 Immdiate, EMargency Stop Action Response

Detailed Site Phase 6 Detailed site field Investigation

Investigation Phase 7 Definition of Remedial Strategies, Risk
And &msedial ad Uinaocial Liability Assessment and

Rasdial Cost Iffectiveness

Mhaesa Phase 8 selection of Preferred Remedial strategy

Phase 9 Implmntation of Remedial Action

Phase 10 Certification of Performance and
Addressing future Potential
Liability Issues

* Sousmans, brandwein and Unites (1981)
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features are common to all three of these outlines. first, they all
follow the general intuitive outline presented above. Second, they all
have provisions for immediate remedial action to buy time while long
term solutions are developed. Isachak and Nadeau (1982) emphasize the
importance of a LAMP as the first step in any remedial program.

The R*W is designed as en approach for developing an optimal
solution. Incorporated within the 3*1W is the analysis of alternative
remedial measures in order to decide on an optimum strategy. The
analysis involves three different sopectes 1) environeantal impactl 2)
cost; end 3) risk. Risk assesment is an area of study that is now
receiving increased attention. Borger (1982) states that risk
assessment has been defined so, "the identification of hazards, the
allocation of cause, the estimation of probability that harm will
result, and the balancing of hate with benefit." Borger (1982) goes on
to develop a general risk assessment methodology based on four factors;
receptors, pathways, Waste characteristics, and Waste management
practices. Dawson and Sanning (1962) hae developed a risk assessment
model based on the exposure-response approach. too and $hib (1962)
describe a technique for determining risk acceptability. The main
problem faced by all risk assessment techniques is that a large portion
of the needed information, such as risk pathways or acceptable
concetrations, is unknown.

because ground water cleamp, activities are, in general, expensive,
interest in analyzing the costs of theae activities is high. St. Clair,
McCloskey and Sherman (1962) discuss the advantages and disadvantages of
risk assessmet, cost/benefit analysis, cost-effectiveness analysis,
decision-tree analysis, trade-off metric**, and sensitivity analysis for
alternatives evaluation. gsing certain elements of these techniques
they have developed a framework for evaluating cost-e ffect iveness of
remdial actions. Wvas*, Damo and Risso (1982) describe an
integrated, three-phased approach for cost-effective preliminary
assessments at hazardous waste sites.

There are two points to be noted about the studies discussed above.
First, they have all been directed toward uncontrolled hanardous waste
sites. Second, they have the inherent assumption that a list of

r alternative measures exists or can be generated. Little information can
be found pertaining to ground water pollution episodes away from
hesardous waste sites or on the actual development of alternative
remedial measures. Uterburg, Stone end Tafuri (1961) discuss a system
for developing alternative remdial measuros for spills of hesardeas
chemicals. Caldwell, Barrett and Chang (1961) discuas a heard ranking
system, but this is applied to different sites rather than, different
measures at en individual sits. Dewson and Drown (1981) have developed
an istegratod site restoration process, so outlined in Figure 3, bet
this also glosses ev the actual developent of alternatives.

1be reminder of this report will discuss the step-by-etep
presedere tbat -e be follwd to develop aquifer reatowatien oehamee.

2S4
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This procedure is developed in a general fashion so as to be applicable
to sites other than uncontrolled hasardous waste dumps. Additionally,
emphasis is placed on the procedure for developing the list of actual,
technical alternatives.

Nulti-Disciplinary Ten

Ground water pollution is not strictly a hydrogeological problem.
The development of a ground water pollution clean up approach requires
involvemt from a number of different disciplines. Nanagerial
personnel will be involved in the overall planning and development of
the project. Technical personnel, both on-site and off-site, will aid
in the design of the remedial measure. Remdial-related personnel from
the construction industry will have involvement. Also, institutional
personnel from different levels of goverment will almost invariably be
involved. Within each group, a number of different disciplines night be
required. Por example, the technical personnel required could include
hydrogeoloSists, engineers, soil scientists, chemists, and even
toxicologists, to taw a few. The bottom line is that the solution will
require a multi-disciplinary apptbach involving a mlti-disciplinary
temn. Carefully assembling a multi-disciplinary team should be the
first step in any aquifer restoration effort.

Problem Definition and Characterization

The obvious next step in actually dealing with a ground water
pollution problem is to define and characterise the problem. The
problem will need to be defined in terms of its temporal and areal
release patterns and its uraency for a solution. The tvo temporal
categories are "anticipated problems" and "existing problems".
Anticipated problems most usually will be planned future facilities that
will have the potential to threaten ground water supplies. This
situation is more desirable in that the engineer or planner is one step
up because the pollution or polluting activity has yet to occur. The
other type of problem is the existing problem. This is the situation
where a facility or activity with ground water threatening potential is
already in effect. The existing problems can further be broken down

.... into those that have already degraded the ground water and those that
have not yet disrupted the ground water but are expected to do so.
Actually, the steps to be taken in identifying potential solutions to
either of the two types of problem are similar, but because of their
"temporal" differences the proposed solutioe can differ significantly.

1. Anticieted Probiem

levieg dmtified em mstieipated problem, the sn step is to
identify the areal release characteristies, the duration, and the
ursey of the problem, if possible. Mbe releas characteristiee of the

35,
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problem will be ditectly related to the source. The source, could be a
point source (disposal well), an area source (fertilisers in
agriculture), a line source (highway deicing salts), or even a regional
source (increasing number of septic tanks in a region).

The duration of the problem can be classified as either acute or
chronic. Will the anticipated problem be short term such as lowering of
water levels due to construction devatering or viii it be a long term
problem that will require long term solutions such as a series of
injection vells to prevent salt water intrusion?

The urgency of the problem vill be a function of the potential
contaminant(s) and the importance of the threatened aquifer.
Anticipated problems usually will have no urgent need for a solution.
The ground water pollution potential can be circumvented by
incorporating certain controls in the design stage.

2. Existing Problems

With existing pollution problem the information needed to
characteriae it is straightforward. Having identified the problem, the
next step is to identify the source if possible. The contaminant
release characteristics and duration of the problem viii fall into one
of the classes outlined above. However, the urgency for a solution can
sometimes be the critical factor with an existing problem. If the
polluted aquifer is a source of drinking water or the problem was
discovered due to an adverse public health reaction, there may be a need
for an isodiate (if only temporary) solution.

A general description of the problem is necessary for defining the
scope and extent of further studies and ultimate remedial actions. For
example, if a hasardous substance is detected in a water supply well,
the imediste solution may be to provide an alternative supply of water.
This temporary measure may buy sow time for study and development of a
more permanent solution.

Preliminary Study

After identifying an existing or potential ground water threatening
activity or facility, the next step is information gathering and problem
charecterisation, The detail and duration of this step will be
determined by the urgency of the problem and funds available.

The area of information listed below are designed to be
comprehenive, but they are described in general terms with few
specifics. Not all areas will pertain to every problem. Probably the
wet useful function of these lists will be to aid in geeratig a list
of neded information for specific problems.

257- Ki
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It should be emphsised that the lists below awe mot in any
particular order although, se of the steps awe dependeat on the others.
Probably the area that seeds to be considered prior to initiation of ay
detailed study would be that of funding. Owce funding has been
determined, the scope of the analysis ca then be delineated. fth other
areas of information ohould probably be approached in groups such as
problem specific inforuktion (A, 3), site specific information (C, D,
7) , and others (9, 0).

Ohould it be decided to go into moe than just a cursory review of
the problem, sources of information say become a question. USas of the
agencies identified in step 0 most probably will have sae information.
Listed in Table 2 are som other possible sources of informetion as
related to the different groups. *For information specific to the
tehnologies discussed in this paper the reader is referred to the
bibliography

A. Plume Delineation

Plome delineation is the step in which the amut, nature, source,
and location of the groned water pollution is characterined. The
information obtained in this step will nat only help determine feasible
cleanup strategies but may also help asseas the possibilities of
pretreatment or economic recovery. Types of information needed for
plum delineation includes physical/chemical characterisation of the
pollutant; information on transport and fate; toxicity and health risks;
areal extent, depth, aount of pollutant; physical/chemical
characterization of the waste; variability of the wastes; time factors;
and previous waste disposal practices.

3. Hydrogeologic Characteristics

Understaniding the hydropologic characteristics of a site is
essential for a successful aquifer restoration program. In ssence,
this stop is really a characterisation of the subsurface which is where
the problem exists. *The subsurface characterisation will serv two Main
purposea. first, a description of the hydrogeologic chasracteristics of

4 the site allows for a better understanding of the magnitude of the
problem. Because the problem is underground oam ceet see, feel, smell
or taste the extent of the problem. A thborough hydrogeologic
investigation will net totally delineate the limits of the problem, but
it will aid in etiatieg what has happemed to the pollutant. i. the
subeurfae. besend, a tborough hydrogeloGic investigation will aid In
detesrmining feasible solutions to the problem. Information from this
stop will be used extessively in the plom delineation step. sine area
of needed infernation lintda: solegie setting end generalised soil
profles, soil pbyeieal/dhemisal hweneteristteo, depth to grounid moter
end bedrosk, ground water flaw patterns and veluee# reshnoge Wasss and



Table 2. Pocential Sources of Intormatios

Group I Federal or state geological surveys, universities-
(problem specific) libraries, geology and engineering departments,

state health department&, property ovuer, county
records, vell drillers.

Group 1I Weatber bureaus, state voter resources boards,
(site specific) census bureaus, soil and water conservation

districts, employment cmissions, corporation
commissions, 206 studies, Department of
Agriculture, Forest Service.

Group III Medical libraries, state or federal enviromeutal
(other) protection agencies, state attorney snoerals

office.
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rates, aquifer characteristics, existing monitoring well locations and
procedures, and background water quality data.

C. Site Characterisation

A description or characteristion of the site of the problem is an
important step. Secause surface attributes of the site will indirectly
effect the subsurface environment these attributes need to be
identified. The characteristics include climatic information
(precipitation, temperature, and evapotranspiration) and, location
information (topography, accessibility of the site, site size, proximity
to surface water, and proximity to population centers).

D. Vater Use and Requirements

Determination of current water use and future requirs ento will aid
in determining the criticality of the threatened ground water formation.
Information needed includes current and projected future water ue,
current and anticipated water quality standards (including beneficial
use and effluent standards), and costs of alternative water supplies.

I. Suman belth Costs and Risk Assessment

An assessmnt of risks to human health associated vith the polluted
ground water is a necessary step. Maving identified the toxicity end
health hasards of the given pollutant during the plune delineation step
one then needs to asees the actual potential for one of these events to
occur. This step is essential in evaluating the do-nothing alternative.
Information from this step will be used extensively later in the
alternative evaluation procedure.

V. Land Use Patterns and Growth Projections

The objective of this step is to insure that potential restoration
strategies do not become exercises in futility. Specifically, one does
not want to spend millions of dollars cleaning up a particular problem
that is just one of dosens facing an aquifer or will be neSated by
future ground water threatening activities. One needs to check if the
proposed solution is in accordance with local lend ue patterns and
growth projections.

G. RSgulations and Institutional Constraints

A key step in any aquifer restoration strategy t to identify any
institutieal constraints end who snforces them. To dete, a majority ef
states do mot have regulatory agencies for ground vter quality oosrol

260



.. , " 'w 4 i | l , i-|

snd determining who is in charge my be someoat of a problem.
ldentification of all Constraints and enforcement agencies is necessary
so that a proposed solution satisfactory to me grop does not violate
the standards of another group. This includes an understanding of the
role of pertinent regulatory apncies; their standards, regulations and
guidelines, and pending legislation.

R. Funding

Probably the biggest obstacle to be overcome in any aquifer
restoration progrm vil be funding. in simple terms, cleaning up
ground veter is a very expenive venture. Not only are the technologies
expensive to implement ad operate, but they are also difficult to
design. if questions arie over who vil foot the bill (as they often
do), the cases vind up in litigation, thus adding to the expense and
delaying their implementation. As one eight guess, these delays only
compound the problem and escalate the costs. A preliminary review of
the availability of funds should most probably become the first step
after identification of the problem. based on the availability of
funds, the scope of the analysis can than be decided. Itf funds are not
available, the full blown engineering analysis and design will probably
have to he foregons for a mall scale aquifer management or policy
analysis. Sam of the funding issues include detersination of
responsibility, identifying matching fods, end securing private
support.

Data Zveluat ion

The critical aspect of the information gathering stop will be
evaluating the quality of the information gathered. Kaseak ad Nadeau
(1962) list three issues to be concerned with once available information
has been gathered as: bow good is the data today; can an engineering
solution be properly developed sand designed; and will the date be
defensible in court? Consideration of the age of the information,
sampling and analysis protocols, and the chain of custody of the
information can aid in assessing whethor or not it is accurate and/or
useful.

Data Needs

laying completed the gatberiag and evaluation of mailable
information, the snt step i to identify those areas where the search
for information was unsuccessful. Kasehak and Nedeau (1962) identify

this as the meet difficult step, i.e.$ to decide What additienal
informatiem is neassary to be able to identify and evaleate remedial
alternatives without "seudying the site to death". Isfommatien wide
obuld be identified ead categerised ecording to eritiolity or
importanee of the data, ease of availability, time required to gabter
the data, and costs of the effort.
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After all the information gaps have been categorised under the
above heading* one needs to weigh the work, time, and cost requirements
against the scope and funding of the study outlined previously. If the
information gathering process alone will exceed the funding, the study
may have to be abandoned, scaled-back, or re-directed.

DUVLOPSWN OF ALTI3NATIVZS

Definition of Goals

The term "restoration" seems to imply that any ground water
romediation activity will attempt to return the aquifer to its original
condition. Although desirable, this is not always feasible. Truly, the
main decision to be sade in any aquifer restoration program is what the
"goal" of the program should be. The specific strategies to obtain
these gals is dictated for the most part, by physical or monetary
constraints.

This paper considers four different gals: prevention, abatement,
cleanup, and restoration. Prevention, as the name implies, means that
pollution is not allowed to occur. The context of "prevention" in this
paper is taken to mean "not allowing pollutants to reach ground water".
Abatement means "to put an end to". Bence, abatement of ground water
pollution is the "cessation of pollutants moving into the ground water
and the elimination of the movement of pollutants having already reached
the ground water". Cleanup is taken to mean "elimination of the
pollutant through removal and treatment or imobilization". Restoration
will include those measures that attempt to return the aquifer to its

• original state. This most often will involve a cleanup strategy plus
some recharge of fresh water. It should be noted that these goals are
not totally independent of each other. Nore specifically, a truly

4 effective "cleanup" strategy will include "prevention" and "abatement"
stepe also. Table 3 is a listing of the various strategies available
for obtaining the above goals.

The definition of the goals of a ground water manapmnt strategy
" is not a totally subjective evaluation. In some instances, the feasible

goals will be dictated by problem-specific conditions. it is therefore
recomended that a review of the preliminary stepe be undertaken prior
to establishment of amy goals.

Goals Identification Matrix

Figure 4 is a pals identification matrix. Listed down the left-
band side are the possible pale and alone the top are si al
decision factors. Probably the best may to use the matrix is to becam
familiar with each box in the matrix. If one can become familiar with
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Table 3: Currently Practiced or Proposed Aquifer Bestoration Strategies for
Chronic Pollution Probloi

Coal Strategy Type Action

Prevention lstitutional Measures 1. Aquifer or effluent standardse
effluent charges or credits,
land soning.

Source Control 1. Source reduction or removal

2. Optimum site selection

3. M n-wde control options

a. Imperusable iembrasnes

b. Impermeable uterials

c. Surface capping

d. Collector drains

e. Interceptor trenches

Abatement Waste Management 1. Modification of pumping

2. Pressure ridges

3. Pressure troughs

4. Subsurface barriers

Cleanup Mats Treeatnt 1. Above-ground treat met
ad Disposal

2. Is-situ methods

Reterstiem Closep plus
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the limiting factors for each of the possible goals, selection of a
feasible end obtainable goal will become an easier process.

Not all poesible factors have been listed in figure 4. The major
I factors most likely to influence the choice of any goals are listed.

Each problem will have its own extraneous factors which wiil influence
the selection of the specific goal. Figure 4 is to be used asa general
guide.4

TochooloAgy-Docision factor Nutriz

Hlaving developed at least a preliminary goal for a particular
problem, one can then move to the tehnology-decision factor matrix in
reads down, the technology (technologies) that can achieve that goal can
be identified. After identifying the feasible technology (technologies)
one ha reads across the rows for that technology to identify any
factors that might limit the applicability of that technology. The end
result of these two steps should be the identification of a series of
technologies or technology combination* that are applicable to a
particular problem. Further eliminat ion of these technologies will cone
in the scope design.

Prelimnary Screening

flaving developed a preliminary list of feasible technologies one
can then am into a preliminary screening process to narrow down the
number of choices. The preliminary screening process will necessarily
rely heavily on professional judgment, and include factors such as
technical feasibility, public acceptance, and physical constraints.

scope Design

Probably the beet mane of eliminating possible but sm-feasible
alternatives would be threue* the am of a soeps design. The scope
design is a smell seale analysis of the poepseed alternatives for
preliminary estimates of esat oneto, life expectoae efficiency, etc.
The scops design will rely on estimates er ball perk figures forcesets,
etc*$ to geWNet a reug* estins~tie fec ench of the prpsed
alternatives. Soe eWp design ehould be loss eoeveg le time
soeoeming, and inheretly Moes asemete than a full hlow engneering
analysis. Therefere, alet- ve -edt too& ot ts be s"aler in seats
should met be elisdnated from furthr eaneideretim. So objeetive of
the se design .heu4 be to eliiate do "ehetly too emisesive me
too land intensive alteretivee.
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Iteration

With preliminary siseaend cost data generated from the scope
assign, one would then want to iterate through the procedure outlined
above. Perhaps the data ganersted might indicate that all the possible
alternatives saceed the funding available. Io this case, one eight vast
to redefine the goals of the ground water management strategy, and
attempt to develop new possible technologies for achieving these
modified goals. Similarly, one night have identified extraneous, factors
from the screening or scope design steps that might influence which
technologies are feasible. The objective of the iteration stop, is to
narrow down the list of proposed alternatives to those that are truly
*conomically and technically feasible.

EVALUTIOU AMD SILICTION OP ALTERNTIVIS

Selection of a single alternative from the list of proposed
alternatives should com from balanced consideration of technical,
ecoomic and environmental factors. The following sections will
identify Potentially useful tools for evaluating the economic,
envirotmCal and risk implications of squifer restoration schmes. Key
issues or unique aspects of these evaluations will also be discussed.

EMY MC EVALOATION

E9conomic evaluation of the proposed alternatives can follow the
traditional procedure of itemizing all the costs tot a given project,
amortising these costs for the life of the project, developing some
measure of the benefits of the project, and comparing these figures for
each of the alternatives. A namber of unique issues aris when
considering an economic evaluation of ground water contamination
problem.

Use first major issue to be concerned with is comparison of
alternatives on a coomon basis. Two alternatives may be projected to

4' achieve the sam result through radically different methods.

Use second major issue to be concerned with is the coat items
associated with alternatives. It is important that all cost items be
identified. As as esample of how large these lists can be, Lundy and
Nahan (1962) provide a list of cost components foe a well Sstem in
Table 4.

Sixler, Nansem end Longet (1962) note that cost itemm can to
monetary end semmeetary, direct or indirect. In additim to the

-: obvioua direct monetary sts, such as mater ials, equipmost, etc., a-
umetary c"o mt be iscluded such "s relocation costs, loss of

* reveemesp decreased property values and others. * it is important that
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the list of cost items be complete and include' all pertinent costs
(Thorsen, 1981).

Another issue associated with economic evaluation of alternatives
is that of developing a measure of the benefits of an alternative. Some
benefits will be very difficult to asign dollar values to, for example,
reduced health risks. Additionally, some benefits may be herd to
assess, much lass assign a price tag to as is the case with health
risks.

The final and most important issue associated with econmic
analysis is the approach to be utilised. St. Clair, McCloskey end
Sherman (1982) analyse the advantages and disadvantages of verious
approaches including; risk assessment, cost/benefit analysis, cost-
effectiveness analysis, trade-off matric*s, and sensitivity analysis.
Utilising the positive attributes of these approaches, St. Clair,
McCloskey and Sherman (1982) have developed a frmuork for evaluating
cost-effectiveness of remedial actions at uncontrolled asardous waste
sites.

In summary, it can be said that there exists no ideal methodology
for economic evaluation of aquifer restoration strategies. The best
approach is to develop a modified version of an existing methodology
that is applicable to the problem of concern. The methodology utilised
should have the following bsic attributess (I) it compares
alternatives on a commoe bosis; (2) it possesses some easure of
assessing benefits; (3) it is comprehosive and considers all relevant
factors; and (4) its results re not subject to bias and are replicable.

BNV IIOfhIAL EVALUATIOK

tach of the proposed alternatives must also be analysed for its
potential impact on the enviromnot. There are a variety of approaches
that can be used to asees these impacts including empirical assessmeunt
methodologies, interaction matriees, network analysis, checklists, and
others (Canter, 1977). The purpoe of this section is to point out the
ned for enviromeental impact assemest in aquifer restoration projects
and to identify em unique issues associated with it.

The first unique issue to be identified in association with ground
water cleanup activities is that some alternatives may represent "an
irretrievable comittmes of natural resources", i.e. some alternatives
may require that the aquifer remain permanently altered. This is
especially true of the belw ground technologies such as imperkable
barriers (slurry wells, grets), or the in-situ cleanup technologies.
tn essence, the emvio tal evaluation should give special ehasis to
the fate of the oubesrfese enviromesut.

Seeoedly, became the unique aspects of gromud water rmediatim
activities usually lie underground, the above ground consequences of the
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remedial action should be relatively easy to esss. Note specifically,
ground water remedial act ions for the woet part, do not represent Large,
land intensive undertakings. Depending on the technology employed,
there will exist a potential to affect any of the environments (water,
air, noise). lowever, the magnitude of these impacts will not be as
great as for previously studied actions such as densp paver plants,
highways, e. There should exist ample information on related
activities so that the assessment of the abowe ground impacts of ground
water remedial actions becomes simple, straightforward and loes time-
consuming than the "**$+aiet of subsurface effects.

?be last issue associated with enviromental evaluations is the
importance of public participation. Decause of the recent attention

a fforded ground water pollution episodes by the media, the public has
bcoe ill-informed and frightened. It Is desirable to avoid public

hysteria in any project end this iA1 especially true for aquifer
Arestoration projects. locause ground water is a "hidden resource",

improving the public lifderstading will be especially difficult.
Careful planning and incpiaeed attention should be applied to the role
of public participation in amy ground water pollution environntal
studies. Preudenthal and' Calender (1961) note that public participation
programs can promote conflict resolution by providing opportunities for
individuals and opposing groups to explore comromise solutions. Figure
6 shows six levels of public involvement end it shows that public
involvement grow with the complexity of the problem. Ground water
contenination problem 'tend to be complex and as such, public
participator. should be anticipated to be high.

RISK ASIUSaNEW

it Is necessary to start this section of the report with an excerpt
from Cornaby, at sI. (1982)t

'The paramount concers is that no known general methodology is
available for condueting overall environmental risk assessemt,
risk assesmnt that includes both humeas and especially non-bia
or eological receptors.* Is fact, the terminology in the
literature is Get always clear, suggesting that our views and
knowledge of eaviromentel risk assessment are still evolving."

This statement AhonU serve an adequate notice that assessing the risks
of aquifer restoration alternatives will net be easy.

berger (1"2) states that risk assessment baa been defined as, "theL -
identification of hasarde, the alloction of cause, the estimation of
Probability that harm will reoult, and the balancing ef ham with
benefit". Usreever, larger (1962) states that selecting am affective
remesdial teehaiqe involves the balancing of the need to oantain
contaminants within aeeeptable levels against the costs associated with
the cleamp measures. ft. Clair# NeCbeekey and Sherman (IOU) state



Table 5: Sources of Zafozuation for gach of the Rating rectors
Re a ceter Seeren of laferate.

Pepultdn within 1I00 feed * Local housing officials or ceosus officers
9 Current topographic mnps or aerial photos

Distance to ohe narest * Information obtained fromn kwledgeable sources wuch as Public
drinking-water via Hlth Dep artets, water supply companies, well drillers, residents

Distance to nearest off-site *Local housing official or ceomus officers
building *Current topographic maps or sara photos

Land use/oning * Land use or zoning map
*Aerial photos

Critical mavroaleoft *Ratoisal Wildif Federation and other national environmental groups
*State and local environmental groups
*U. Fish and Wildlife Service
*State departments of Fish and Game

Evidesace of contAndnation e Information obtained from knowledgeable Parties

Level of eomsanuaaon 9 lafOrmuoo obtained from knowledgeable parties

Type of contamination * Information obtained from knowledgeable parties

Distance to nanos surface *USGS topographic maps or reports
water 0Maps and reports from State or local Highway Departments or

from uiversities or state geological surveys

Depth to groundwater *USOS water supply Papers, pround watw bulletin aid geolIgel

*Local well drillems water suppliers, and universities (geology
departmo.ts

lNo precipitation *NOAA annual weather summaries
*General precipitation and evapotranspiration maps

Sol permeabilky *USDA Soil Conuevation Service county am" and reports
*USGS soil maps and reports

Dedrock permability a USGS water supply papers, ground water bulletins and geologic
reports

0 Local well drillers. water suppliers, and universities (geolog
departments)

Depth'to bedrock * USDA Soil Conservation Service county maps and reports
*USGS soi and geologic maps and reports

23



Table 5 (continued)

Wase Cliauaeeflis

Toxicity 0 Hazardous Properties of Industrial Afa terals by N. I. Sax
0 Nationd Fkre Protectin Assiooaion 'S Guide an Haard Aftlerals
0 Registry qf Toxic Effects of Chemical Substances

Radioactivity • Information obtained from knowledgeable parties

Persistence * Partition Coefficients (se "Partition Coefficients and Bioaccumu.
lotion of Selected Organic Chemicals." Environmental Science and
Technology. Vol It, No. S. May 1977, p. 475.)

lpgitability * NFPA Guide
SLan' s Handbook of Chemistry

Reactivity * NFPA Guide
* Proposed RCRA Regulations, Fedel Register. December 1. IP7.

Corrosiveness 9 Ifornation obtained from knowledgeable parties

Solubility CRC Handbook 0 Chemistry and Phwlc
& Lan's Handbook of Chemistry
• Merck IRA"
* Handbook of EnvIronmental Deet on Organc Chemklh

Volatility e CRC Handbook of Chemistry and Physks
* Lan's Handbook of Chemistry
* Handbook of E siromental Data on Organi Chemcas

Physcl sate * Information obtained from knowledgeable Partie

.Sit sec y e Information obtained from knowledseable parties

Hazardous waste quantity * Information obtained from knowledgeable parties

Total waste quantity Information obtained from knowledgeable parties

Wase Incompatbility * RteL . N A P. 33M

Use of liners * Information obtained from knowledgeable parties

Use of lechate collection e Information obtained from knowledgeable Parties

Use of gas collecion * Information obtained from knowledgeable parties
. systems

Use ad "oWdition of * Information obtained from knowledeable parties
iomianers

Kure Ot *I. OW)
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that isk asessmnt ivolves the definition of the risks to the

envirnmentend nw health of continued pollution from a site" sod
"the most inexpensive remedial action that reduces the risk to as
acceptable level could be considered the moot coot-ef fect ive". ~o
and leasing (1982) mote that the objective of a remedial action is to
reduce associated risks to an acceptable level".

The above statements wre all straightforward yet they still yield
sam debateable issues. The mast important question however, is how AMa
the risks of aquifer restoration alternatives be assessed? There are
two generally accepted approaches to risk assessmnt. The f irest
approach is to take given criteria or standards for a contaminant aod
work backwards, utilizing intrinsic properties of the contaminant and
aquifer, to develop a list of possible alternatives. The sed
approach is to analyse the effectiveness of various alternatives and
compare their resultant concetrations, with a give& standard. go matter
which approach is used, so s ewr a "criteria" or "standard" or I
"acceptable level" is involved. ?bThse figures, for the moot pert, wre
non-exstent. Dawmon and Lansing (1982) outline a method for setting
site restoration criteria by using air or water standards and working
backwards with data on dilation potential and distribution
characteristics. This methodology is dependent on criteria existing and
knowledge of transport mechanics, which my not be available.

there have been a number of risk assessment techniques promoted f or
aesessing the risk of hamardous wasts site$. With *light modifications,
come of these will be applicable to assessing different alternatives at
individual sites. Unterberg, Stone and Tufuri (1981) outline such a
procedure for assessing spill sites. Caldwell, Barrett aod GbanS (1981)
hae developed a ranking system for the release of hazardous subetances.
Nelson ad Young (1961) discuss a location end prioritization scemen for
future investigation of abeadoned dump sites. unites, Possidento and
Monsoon (1980) describe the developmet of a site investigation anual.
Kufe, at at. (1980) have developed a methodology for selecting sites for
investigation based on their adverse environmental impacts. lerger
(1982) describes a general methodology for assessing risks based on a
similar approach as Kufs, at at. (1980). This methodology consider*
f our characteristics a receptors, pathways, waste characteristics, and
waste anasement practices. Table 5 Is a list of informationA
requirements for this methodology.

lebweitner (1981) has developed a nore specific methodology that is
based so "sesing sites by a cheical-by-chemical approach. The flow
chart for this approach is in Figure 7. figure S shows am appreob to
organisetional aspects of environmental risk asossmet developed by
Cornaby, et &1. (1962).

gas end Ihib (1981) have divided risk assessment techniques into
thresesctegories. (1) formal analysis, (2) comarative analysis, and
(3) professional Judgment. A comparison of the techniques is in Table 6
snd their strenges and weaknesses are in Table 7.
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iiebet (192) dieusses se meeso nd limitatiom of risk
.e"oointo. sbet (16) end Derger (192) bern poist et that
without detailed amalyticl Mmitfiq ~ims, risk "*eNot em

eSally oely peodwe a qualitative raskiea of alternatives. Nisbet
(19M2) lose poines out tha ritk eseeente are difficul to 6oedUot
ad liv ett aes lts, beeoot (1) eaposre is ually varable
sad poorly eharacteriNdl (2) toxieity informatin Is hard to
extrapolete to bhatm from asiile; md (3) round Water trmeport
sm¢eteice re often vskews idag the populationat risk difficult to

4se nd Ibib (1961) beo identified the desired capebilities of my

9"moat metbodology to be

S1. Neeme to provide estiet o of risk probability.

2. hPcedure to facilitt eystematic tins.

3. proeeses whik allow for the imeorporati" of lapues frm
multiple individuals mad diseiplise.

4. 2"y to reviwe.

In emnry, risk msesment couid be tM meat diffieulSt peet of
evaluatiag grond waser pollutton cleomp alterstivoe. The problem to
be estowerad seem from t foot thee meet of th needed iafosties
for my eompebemeive metbodiooy will set eust. ae ao of
estimtion in my metbedole" ill limit its rPtoiability.

The best approasb to risk asessmet will be to develop a
metbdotoL8 suited co the proble in qvestlos. iodificeatis of the
ezisttog mltodoloste ditsood previously is ae Approech. she best
riak em emoe metbodology will be em the beet stiltN, eve.. Nle
informtie ead require. ea Smemt of etimed imt,

,h final sep i th pedoe el lvole uisbi the ioUmSm
eoviroemee md ris eeeomesee appropriaetely ad dertivian optiinm
solution. A larep omnboand wide vrilty of dstee-akis8 tools we
available for seleetban m optim srategy from a lis of alternativs
tis pieteoel give m peoremON to my meSt esbodel ma they a
bee odwases med ifinetiame. Per fubme dte"tsm of tbese
ot eloe, the reader s rferred to Cmeter (I"?).
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ANALYSIS OF GEOHYDROLOGIC DATA BY KRIGING
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Richland, Washington 99352

(509) 943-9847 and (509) 943-2954

ABSTRACT

_' Hydrologic characterization of hazardous waste sites is an expensive and
challenging task. Making efficient use of field data in modeling subsurface
flow and transpnrt can help private firms and goveriment agencies control
costs by achieving better results. Often, conventional approaches to
geohydrologic data processing (e.g., hand contoured maps) are too subjec-
tive to provide the most efficient and accurate use of the data.

The geostatistical interpolation technique, kriging, and an elementary
streamtube hydraulic conductivity inverse algorithm have been successfully
applied to characterize the flow system at a complex hazardous waste site.
Krigtng aided in identifying the need for additional field measurements,
selecting optimal well locations, determining the effect of subjective
inferences (by geohydrologists) on he groundwater flow system, estab-
lishing data validity, and producing wbest-fltt contour plots from irregu-
larly spaced field measurements. Subsequent field work and the numerical

' imodeling of flow and chemical transport confirmed the value of the geo-
statistical efforts.

INTRODUCTION

Making efficient use of field data to characterize the hydrogeologic
systems at hazardous waste sites can help private firms and government
agencies control costs and achieve better results. Kriging and inverse
methods are more objective than subjective hand-Interpolation of data by a
geohydrologist. These objective methods have been applied to a multiphase
remedial investigation for a government agency. The site hydrology,
consists of a heterogeneous, anisotropic, multilayered groundwater system.
Because of the complexity of the groundwater s)item, the objective
techniques proved to be very beneficial for interpretation of irregularly
distributed geohydrologic data. However, the insight and Judges of the
geohydrologists were needed to interpret the relationship of geoydrologic
parameter trends to patterns In the geologic fabric, to provide explanation
of data anomalies Identified by kriging, and to extrapolate parameter
surfaces where little or no data existed. Similar findings have been
reported in other studies (Orr and Dutton, 1983; and Devary, 1963).
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The focus of this paper Is on the evaluation of geologic and geohydrologic
data using geostatistical tools. Topics which are discussed include:

a kriging methodology for developing geohydrologic surfaces and
,. evaluating the reliability and utility of field data;

* a stream tube hydraulic conductivity inverse technique for
developing permeability and transmissivity distributions;

,* the characterization of the groundwater system at a hazardous
waste site using kriging, inverse, and conventional methods; and

some concluding statements about the advantages and limitations
of kriging and other computational techniques.

The section pertaining to characterization of the groundwater system
includes a description of the importance of these techniques.

Kriging

Kriging is a geostatstical technique that can be used to estimate a surface
from spatially-distributed data. It was developed in the early 1960's
primarily by the French mathematician George Hatheron to solve mining
estimation problems. In the last several years geohydrologists and ground-
water modelers have utilized geostatistical techniques to analyze geo-
hydrologic field data (Oelhlme, 1976; Gmbolati and Volpi, 1979; and
Devary ad Doctor, 1982).

Kriging is a statistically-based interpolator of irregularly spaced data.
To krige an estimate of a variable (e.g., potmntiometric head), at a
particular location (xo) where no field measurement is available, the 5 -

following steps are required. For simplicity, it is assumed that x is a two-
dimensional vector In a Cartesian plane.

1) Select the boreholes (with data) nearest the location to be
estimated; typically, between eight and sixteen neighboring
boreholes are used in the Interpolation procedure. Let HI,
12..9, Hn denote those measured values (Figure 1) which are
assumed to be the realization of a stochastic process, H).

2) Determine the weights (i.e., the kriging weights) to be used for
the averaging process; the kriging weights depend on the drift
(overall trend) of the data and the covariance (variogri or
generalized covariance) that corresponds to dats fluctuations
superimposed on tie drift. Drift can be constant, liner, or
quadratic. LettlngAl,A 2..-.,An denote the kriging weights. The
kriging estimate at x is given by:

n

' : - .
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FIGURE 1. Kriging Estimate at Point xo

3) The variance of the kriging error corresponding to the kriging
estimation error, is calculated by using the kriging weights and
covariance:
o2 (I*(xo) -(xo)) -K(o) - 2 1 AIK (xi. xo) +

n n
t Aj XjK (xi, xj)

where K(xj, xj) is the generalized covariance evaluated at
positions xi afd xj; note: Hi - H(xi).

The kriging weights are selected to minimize the kriging estimation error
variance a (W xo) - H(xo)).

A full discussion of kriging theory may be found in Matheron, 1973; and
Journel and Huijbregts, 1978.

The unbiased, minimum variance properties of kriging imply that the maximal
mount of information is extracted from the geohydrologic field data. Also,
a statistical quantification of the estimation error is established by
using the error variance.

The statistical quantification of estimation error allows a geohydrologist
or modeler to:

1) Establish data validity by coiqering observed and predicted
values; differences greater than 3 standard deviations (3.)
indicate potentially invalid data (with M confidence).

2) Objectively identify the utility or wrth of 9athecil additional
field measuremmnts by exmining a.
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3) Select optimal welI locations according to the desired reduction
in a.

4) Evaluate subjective inferences by determining whether hand-dreaw
contour maps are within the 3. error band of the krIged contour
map.

In addition to producing contour maps by kriging and statistically
quantifying the estimation error, sensitivity studies are beneficial to the
process of selecting locations for new monitor wells. These studies require

t conditional simulations of stle values at potential observation locations
to determine a plausible range of ney observed values. Because selection of
those observation locations may have significant iqmact on the conceptual
and simulation model of the flow system, subjective judgement based on
experience must also be applfed even if only to serve as a check against
kriging results.

Stromtte ftdraulic Conuctivity Inverse Calculations

To accurately simulate contaminant transport, it Is necessary to estimate
the krcimn velocity field. Potentlemtrtc head data are typically more
plentiful ad accurate than other types of gohydrologic data. Kriged
potontiometric surfaces based upon head measurements are generally real-
istic Interpretations of the flow system. On the other hand, hydraulic
conductivity measurements that we derived from pump tests often exhibit
tremendous variability and very little spatial correlation with observed
hydraulic gradients. Significant evrors in calculated hydraulic con-
ductivity usually result from media heterogneties and the fect tha pUP
tests do not usually stress the system over a ig enough a e to be truly

* representative of macro-scale flow.

Researchers have resorted to inverse techniques' to infer realistic
hyis rlic conductivity distributions fri available potentiuntric head and
hk~*oulic cmductivity data (Chavent, 191M; Cooley, if?7; Neum, 1973 nd
1900; MNm and Vakowtz, 1919; Wilson and Oettilger, 17; Wilson et 0?.,
1979; and Nelson, ING).
The inverse tecimiquhich we have used wa designed by Stailmen (1956),
Nelson (1950 and lost), CuorlOck, et &l., 1971), ad RIce (15), en a
involves scaling a know hy* aruit onductivity valW alaq a stenftube
according to the cemvergence rdiverence of flow. The approach reqimrs
a digitized ptentlintric head surfa*e to g rte a flow et and a kown
hylraulic conductivity value for ech strate. This approach is Ideel
for prelaimary site cheracterisatien activities bec&ase a m ieical

Oflew mplel is 6t urlstrd. The basis o fhe methd Is a

a.,
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For systems in which two-dimensional flow predmnates, the traamissivity,
T, can be defined is:

T - 0 x K (1)

where 0 is the thickness of the saturated zone and K is the depth-average
* hydraulic conductivity. Darcy's Law yields:

q a -K(grad h) (2)

Where q is the specific discharge velocity, K Is the hydraulic conductivity,
and grad h is the hydraulic gradient. The discharge, Qpassing through a
stretube of cross-sectional area A is given by:

AA A (3)

-~ where s denotes the distance along the streantube.
The discharge, Q, may be estimated by:

-Km x (Wd) h1x h (4)

where hi and h2 are the potentiometric hand values separated by a distance
L along the streantube, d is the stroawtue depth, ad W is the streitube,
width.

Thus, If the hydraulic conductivity Is know lot oae element of the
stremtube, then the f lux, 4, through the stroenitube may be evaluated.
Because mass must be conserved and the dimensions W(, a nd L) anid head drop
(h - h are know, the hydraulic conductivity along the streantube mso be

the stromptube Invreepe~ does net require a finite elemet or f Inite
~> ,difference numde) ndo ot~ indirect apprenckes (Cooley, 1975;

hs W S 19 d 18; luwea and Yakowltz, 1979,- Wilson and Bttlager.
1978; and Wilson at aM., 1979). Nwinver, the results of the streanube
inver se analysis should be considered prollmisy ad used only in Initial
site charncterization studies. The Imferred ky*aulitc conductivity dis-
tribution via this method Is a idel starting point few an indirect loverse
flew mode) calihration poveds'

Flow Si U~st wft

Toe groundwater sw s far Oh in se MIGNsSIng the site moregrme
Into four lapers: 1) silt and clAy= 14 fo an MWaqIterd (shallow 1ytn,2)

* ~sandgravel, 3) fretured d oad,, whih along with Laye 2 cosises the
aquffer depsyste) Wn 4) onfrutared b6droc! ftomig a lower lft11m

* ~ ~ wo leer The Wonue tuen of tm a ctivities Involved Calilbrating
atilu'eedtm el f"uie..lum =406) to silete w I* the OW
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three layers. The geostatistical activities were concentrated on the
aquifer where the contanination was most widespread, and therefore, the
majority of monitoring wells (SO-deep system vs 24-shallow system, as of
April 1982) were bored into this deep system. Although a realistic
potentiometric surface was krtged for the shallow system, only the work on
the deep system is discussed here.

The left side of Figure 2 contains a plot of locations for wells bored into
the deep hydrostratigraphic unit (50 wells) and a hand-drain contour map of
potentiometric head (April, 1982) as interpreted by the project geo-
hydrologist. The potentiometric surface generally conforms to the topog- 4
raphy with a convergence of flow along the eastern site boundary.
Geostatistical data analysis techniques were applied to evaluate the hand-
interpreted potentiomtric surface and help select additional wall loca-
tions for the next phase of drilling.

The validity of the April, 1g62, potentiometric data was checked first.
This involved deriving kriged estimates of potentiometric head at existing
well locations using head measurements from surrounding wells. The kriged
estimate utilized the eight closest neighboring wells using a constant
drift (order a 0) and a linear generalized covariance, K(h) - -1.0 h where
fh represents the distance between wells. Thirteen data errors were
discovered that were attributed to transcription errors and incorrectly-
surveyed well locations, and two walls were assigned to the wrong hydro-
stratigraphic unit.

The right side of Figure 2 contains a contour plot of the krTged
potentiometric surface based upon the Apri l, 1962, measured head data. is
surface was generated using the eight nearest neighbors, a constant drift
(order - 0), and a linear generalized covariance, K(h) a -0.0361 h. The
order of drift (0) and generalized covariance (-0.0361 h) were selected
using Identification routines developed for generalized increment processes
(Natheron, 1973).

The hand- Interpreted surface and the kr iged surface (F igure 2) have the sa
* general southeasterly flow charactertsttcs, however, the two surfaces do

not agree in a number of areas. The primary reasons and areas of
disagreemnt between the geohydrologistls hand-dran potential surface and
the kriged version are:

I

* te lIack of head dat which resulted I hed differences of up to
4 leters betwen the two versions t the reas east and south of
the site bouinary;

the gmNO0leIst's hypotests that a Mghl 4 peIwabIe, buredp1eSOWMI1 aets as a ouadltto MiI0l I terpree flow
convergen alm the easter, bOnary; I

Is



the geohydrologist's assumtion that topographic highs repre-
sofitd structural highs for all layers and this, in turn, should
be reflected by head potential highs along the south ridge, north
ridge, north hill, and east of the site boundary.

nmaeO Nea StMO. IL S KISSIS NSA. SUSMS. AWf. Ssl

4t4

FIMt t. -Orcm (Left Side) nd Kr ee SSide)P0140tnt trk€ Contour N* of the D"Sse
April, I) d thme Nitor 1lls Used
Pu titlals In Mters Above Ibm Sea Level)

ased an m diff eres betwe te kritsd ei intrpreted surfaces, areas
hawtag kr d umw tft" h m I mter, W4 tme ed far accurate
cheracterlzutiet of Contmm =pla , 10 N Tlls ae tstulled tappin
time eop system. Fellevivg c"uPltos of the eils, a et of stn1Miibe
p 1temtiitvt 69'MluW s Geeullocte Is 'ercd4 133, t i ~l te

Umto Ni tl Is of thme imp swt"-'61tC it (Ft 3, rIA half). Tim
differenses buttes tan Apill r* lft hbet f Figre)3) OWd NarC1
13 (igh half of Fiue31 kriged petntmmtsc suvrface we listed
balr
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" The March, 1983, kriged surface was significantly smoother and
more regular in the north hill area because of the new well and
reclassifying several wells whiich proved to be interconnected
with the deep system.

* The flow convergence was more clearly delineated in the March,
1983, kriged surface because of inclusion of a recently dis-
covered off-site well (not shown) one-half mile east of the site.

The results of the new geohydrologic data and second kriged potential
surface indicates:

" flow convergence does occur along the eastern site boundary as
inferred by the geohydrologist; and

" a highly permeable, buried paleochannel probably exists along the t
eastern boundary (this was confirmed during subsequent field
studies).

KNOW HEAD AWmACS. APRIL. 1992 KNO $SIO D UACE. MARCH. 19018

P1631 3. Copwlw, of April, 1992, (Left Side) and March, 1993,
(Right Side) Krlgu Ptentiestric Surfaces with Loca-
tion. of New fool tor wells (Righ Side) (Potential
Caltours in Newes am* $ban 1a Lmvl



In the above off-site area where data was lacking or scarce, the geo-
hydrologist predicted the potential surface more accurately than krigt lg.
The extrapolation of the probable potential surface was based on topog-
raphy, on-site data, and off-site geologic data.

SOn-site Were data is adequate, kriging proved to be superior because it is
not biased, that is, it does not take into account the possible effects of
topography or geologic inference as does the geohydrologist. The field data
showed that although the geohydrologist correctly predicted the fractured
bedrock surface (top layer 3) on the north hill and ridge, he overestimated
the Influence of the physiography and geologic fabric on the head potential
and consequently groundwater flow direction. The two new wells on the south
ridg confirmed that groundwater flows through the ridge and is not
dlected around it as the geohydrologist predicted. This flow through the

*ridge occurs because the bedrock surface does not conform to the surface
atopography unlike other topographic highs In the study area. This last

point is Important to the design of a remedial action plan since contaminant
sources are bele ved to be located in the southwestern corner of the site.

The next step in system characterization was to determine a hydraulic
conductivity distribution that would conform to the flow-net derived from
the March, 1983, kriged potentiametric surface using the T flow code
(Bond, 1981). The left half of Figure 4 contains a kriged contour plot of
the transmissivity data that had been derived from pump tests. The
transmissivity data s d over four orders of magnitude of variability
(range - 0.01 - 550 11) with very Ittle correlation between trans-
missivity values and the flow-mt. In order to be physically realistic
(conserve flow), tranmissivity values needed to be high in regions of low
hydraulic gradient and low In regions of high hydraulic gradient.

To remedy the situation, the stremtube hydraulic conductivity inverse
technique was applied to the kriged flow-net. The observed transmissivity
values from on-site wells and estimated values from off-site wells In the
10-35 me/d range were used as Initial values for six streawtube analyss for
the region. ho recharge or discharge wa assumed along the strowtubes, and
a uniform depth for the deep stratigrdiic unit was specif ed. The Inferred
transmissivities along these six streastubs were kriged to the entire
region using stx-point mitgooods, constant drift (order a 0), and
linear generalized covarlance, k(h) - -1 h. Th Inferred transmissivity
distribution Is presenta In Fig" 4, the right side; the six streabes
that were used t chwacterie the region we also Indicated.

The hydraulic conductivity distribution for the deep aquifer was then
derived ftom th interred tramissivity urfac by dividing the transmis-
sivity vale by the aqifer thickness. This inferred hydraulic con-

41,ductivity surface sered as the basis for the first simulation rins of
three-diumelstenal evin.tei flow a. VU Utiig the iteorred hydraulict
onmductivity distrlui ft. the d"m VNIt Wd renal determination of

bo0udmY flVon* recharge, solue Pumee and ebeeruid oepert les ofete



layers, the models used to predict flow, and transport were calibrated with
only minor adjustments to the permeability field. The accuracy and
calibration time saved demonstrates the usefulness of kriging and an
elementary streantube inverse technique to determine the hydraulic con-
ductivity distribution.

* mm*AM TRAMSMSIV UM INFER8ED TRMA8UVIIV WURFACK

4%

I FIGURE 4. Comparison of Two Kriged Tranirnissivity Surfaces,
utilizing Existing Data Points (Left Side) andVStreatube Inverse Technique (Night Side) (Con-
tours in Platers Squared per Day)

CONCLUSIONS

Becas characterizing the spatial extent of contamination is such a I A
important aspect of a site characterization study, kriging and its
associated inverse technique are essential to determining monitor well
placemnt OWi sufficiency, evaluating data validity, ead performing sen-
sit ivity stuies.
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Some of the important benet its that kriging offers for processing geo-
hydrologic data are:

objectively and quantitatively identifying the need for addi-
tional field measurements to reduce data uncertainty to accept-
able levels;

* selecting optimal well locations for defining the flow system,
thus eliminating unnecessary monitor wells;

* providing objective feedback to determine the value of subjective
inferences made by geohydrologists;

* establishing data validity;

V * producing *best fit" contour plots from irregularly spaced field
measurements;

* reducing the time and cost required to update camputer simulation
model surfaces as new data are required; and

* producing a mass-conwserving hydraulic conductivity field in
conjunct ion with the inverse technique.

Underlying all these potential benefits of kriging to geohydrologic site
investigation is the f ARTTiiTriging alone cannot perform miracles. It is
absolutely essential that experienced geogeohydrologists be involved with
the geostatistician during the kriging analysis to provide additional site-
specific information that kriging cannot assimilate. Kriging Is simply ani
empirical technique to determine spatial interpolation; used with expert

characterization.
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